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FOREWORD 


HESCOMP,  the  Helicopter  Sizing  and  Performance  Computer 
Program,  provides  helicopter  designers  with  the  same  capabil- 
ity for  sizing  and  performance  calculations  that  VASCOMP  II 
provides  for  fixed-wing  aircraft  designers. 

Since  in  time  the  progreun  will  change  to  reflect  new  thinking 
and  grow  to  include  more  sophisticated  methods  of  simulating 
advanced  helicopters,  this  User's  Manual  is  loose-leaf  bound 
to  facilitate  updating  of  the  progreun. 

The  following  NASA  and  Boeing  personnel  developed  the  HESCOMP 
program: 

NASA  Ames  Research  Center 

Thomas  Galloway,  Aeronautical  Systems  Branch,  Systems 
Studies  Division 

Boeing-Vertol  Compan 


Progreun  Formulation  and  Data  Development; 


S.  J.  Davis 


E.  M.  Low,  II 
C.  A.  Widdison 


A.  H.  Schoen 


J.  S.  Wisniewski 
Programming 


Research  and  V/STOL  Aerodynaunics 
Unit 

Helicopter  Performance  Unit 
Helicopter  Performance  Unit 
Preliminary  Design 
R & D Weights  Unit 


R.  Knopf 
H.  Shah 

Inquiries  regarding  the  program  should  be  directed  to  the 
pertinent  individuals. 
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NOTE 


Section  5.3  contains  a definition  of  program 
input  variables  and  indicators;  section  6.2 
lists  the  major  diagnostic  error  printouts  and 
describes  their  probable  cause.  For  ease  of 
reference,  these  sections  are  printed  on  blue 
and  green  paper,  respectively. 


1X)  INTRODUCTION 


. 1 BACKGROUND 


HESCOMP  is  a helicopter  sizing  and  performance  computer 
program  very  similar  in  format  and  operation  to  VASCOMP  II, 
the  V/STOL  Aircraft  Sizing^jid^  Performance  Computer  Program^  ^ 
described  in  Reference  l.-.iTThis  similarity  is  dictated  by  the 
requirement  to  obtain  compatibility  in  both  usage  and  results 
when  using  HESCOMP  and  VASCOMP  II  in  helicopter-V/STOL  air- 
craft comparative  design  studies.  The  program's  purpose  is  to 
rapidly  provide  helicopter  sizing  and  mission  performance  data. 
The  program  can  be  used  to  define  design  requirements,  such  as 
weight  breakdown,  required  propulsive  power,  and  physical  di- 
mensions of  aircraft  which  are  designed  to  meet  specified 
mission  requirements.  It  is  also  useful  in  sensitivity 
studies  involving  both  design  trade-offs  and  performance 
trade-offs 

During  formulation  of  the  program,  the  following  guidelines 
have  been  followed: 


1 . The  program  should  maintain  generality  and  flexibility  - 
A progr^  of  this  type  must  be  comprehensive  and  flexible 
in  order  to  permit  an  accurate  simulation  of  many  types  of 
helicopter  configurations.  It  must  be  capable  of  approxi- 
mating the  design  process  involved  in  layout  and  sizing  of 
a wide  variety  of  helicopters  and  synthesizing  the  per- 
formance of  these  aircraft. 

2.  The  program  should  be  easy  to  use  - In  order  to  minimize 
hand  computation  of  input  data,  the  input  to  the  program 
primarily  consists  of  a series  of  single  point  values 
specifying,  for  exeunple,  main  rotor  disc  loading,  solidity, 
twist,  aspect  ratio,  taper  ratio,  etc.  of  the  wing,  tail, 
and  rotor  pylons  (where  applicable) , the  geometry  of  the 
fuselage,  the  type  of  propulsion  system,  a description  of 
the  mission  profile,  and  weights  of  fixed  equipment,  fixed 
useful  load  and  payload.  Where  necessary  to  adequately 
describe  certain  functional  relationships,  the  input  is  in 
tabular  form.  However,  since  preparation  of  data  for 
tabular  input  is  generally  more  cumbersome  and  time  con- 
suming, this  form  of  input  has  been  kept  to  a minimum. 

3.  The  program  should  min^ize  computation  time  - In  order  to 
minimize  computation  time,  the  progreim  makes  ample  use  of 
optional  computation  paths.  To  eliminate  large  quantities 
of  null  arithmetic,  it  avoids  calculations  which  do  not 
apply  to  the  particular  aircraft  being  studied.  This  is 
accomplished  by  means  of  a series  of  input  indicators  that 
specify  the  calculations  to  be  performed. 
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4. 


The  program  should  be  well  balanced  - The  program  should 
not  be  extremely  sophisticated  in  one  detail  and  yet  ex- 
tremely simple  in  another.  To  offset  the  possibility  of 
this  occurrence,  great  care  has  been  taken  to  exeunine 
methods  used  to  describe  the  helicopter  and  its  operation. 

5.  The  program  should  be  compatible  with  VASCOMP  II  - In 

order  to  insure  program  compatibility,  care  has  been  exer- 
cised in  planning  the  input/output  format.  The  input 
sheets  are  similar  (and  in  a few  cases  - identical)  to 
those  of  VASCOMP  II.  The  output  format  is  the  same  except 
for  the  additions  of  those  output  quantities  peculiar  to 
helicopter  performance.  Further,  this  User's  Manual  is 
identical  in  format  to  the  VASCOMP  II  User's  Manual.  In 
addition,  HESCOMP  utilizes  (unchanged)  the  engine  cycle 
library,  propeller  tables,  and  propeller  short  form  per- 
formance method  developed  for  VASCOMP  II. 


1.2  APPLICATION 

The  progreun  has  two  primary  independent  applications  and  a 
third  which  is  a combination  of  the  first  two.  It  may  be  used 
for  the  sizing  of  helicopters  for  which  the  type  of  aircraft 
and  the  mission  profile  are  specified.  Alternatively,  it  may 
be  used  for  mission  calculations  for  aircraft  for  which  sizing 
details  (gross  weight,  fuel  available,  engine  power  and  fuel 
consumption,  etc.)  are  known.  As  a combination  of  these  two 
capabilities,  the  progreun  may  be  used  to  first  size  a heli- 
copter for  a given  mission  and  then  calculate  the  off-design 
point  performance  for  other  missions.  The  option  of  calcula- 
tion to  be  used  is  specified  to  the  program  by  means  of  an 
input  "option  indicator." 

The  program  has  been  written  in  a manner  to  make  it  directly 
applicable  to  sensitivity  studies  to  determine  the  effect  of 
variations  in  weight,  drag,  engine  characteristics,  etc.  This 
is  accomplished  by  use  of  incremental  multiplicative  and  addi- 
tive factors  applied  to  the  gross  weight,  component  drag  and 
fuel  required  equations.  For  the  most  part,  the  multiplicative 
factors  are  nominally  equal  to  unity  and  the  additive  factors 
are  nominally  equal  to  zero.  However,  to  determine  the  effect, 
for  example,  of  a 10  percent  increase  in  drive  system  weight, 
the  appropriate  multiplicative  factor  can  be  set  to  1.10  and 
the  sizing  progreun  rerun. 

The  program  contains  size  trends  equations  which  reflect  the 
variation  of  helicopter  dimensions  with  gross  weight,  detailed 
statistical  weight  trends  equations,  a routine  for  sizing  of 
engines  to  match  airframe  requirements,  a comprehensive 
library  of  engine  cycle  data,  a library  of  rotor  cycle  data, 
and  a variety  of  optional  procedures  for  calculating  rotor  and 
propeller  (cruise  only)  performance. 
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The  program  can  be  used  to  study  any  single  or  tandem  rotor 
pure,  winged,  compound,  or  auxiliary  propulsion  helicopter 
(see  Table  1-1) . 
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HELICOPTER  CONFIGURATIONS  WHICH  MAY  BE  STUDIED  USING  HESCOMP. 
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2.0  SPECIFICATION  OF  HELICOPTER  CHARACTERISTICS 

Specification  of  aircraft  characteristics  to  the  program  is 
made  in  a variety  of  ways:  through  use  of  input  indicators  I 

which  specify  the  types  of  calculations  to  be  made;  through  I 

use  of  weights  factors  and  constants;  aerodynamics  data;  pro-  | 

pulsion  information;  and  mostly  through  use  of  nondimens ional  f 

geometric  information.  | 


2.1  HELICOPTER  GEOMETRY 

It  is  assumed  that  a typical  sizing  analysis  starts  with  known 
payload  characteristics,  both  in  teirms  of  payload  weight  and 
volume  requirements.  The  volume  requirements  are  usually  re- 
flected in  length,  height,  and  width  of  the  constant  diameter 
(cabin)  section  of  the  aircraft.  Adding  a nose  and  tail  sec- 
tion of  reasonable  fineness  ratio  onto  the  cabin  sections 
would  complete  the  fuselage  geometry  if  this  were  an  airplane 
(as  sized  by  VASCOMP  II) . In  a helicopter,  however,  addi- 
tional geometric  characteristics  must  be  determined  before  the 
external  fuselage  dimensions  are  completely  defined. 

For  example,  in  the  case  of  the  single  rotor  helicopter,  the 
total  fuselage  length  (in  addition  to  the  nose,  tail,  and  con- 
stant diameter  sections)  includes  the  tail  boom,  the  length  of 
which,  in  turn,  is  established  by  the  tail  rotor  diameter  and 
the  need  to  maintain  a reasonable  gap  between  the  main  and 
tail  rotor  discs.  Additionally,  the  tail  boom  length  itself 
is  affected  by  the  relative  position  of  the  main  rotor  on  the 
fuselage.  Vertical  tail  geometry  is  determined  both  by  dimen- 
sional constraints  and  the  need  to  fulfill  directional  sta- 
bility requirements  (e.g.,  sufficient  vertical  tail  area  to 
counteract  main  rotor  torque  in  the  event  of  tail  rotor  loss) . 
So,  although  the  basic  cabin  internal  dimensions  are  fixed, 
the  external  overall  dimensions  can  vary  widely,  depending  on 
how  conflicting  requirements  are  resolved. 

In  the  case  of  the  tandem  rotor  helicopter,  not  even  the 
internal  cabin  dimensions  are  necessarily  constant.  For  ex- 
ample, the  need  to  require  a certain  level  of  external  config- 
uration compactness  (by  specifying  a high  overlap/di2uneter 
ratio)  can  result  in  overall  fuselage  dimensions  which 
directly  conflict  with  internal  volume  requirements. 

Wing  geometry  may  be  dictated  by  maneuver  "g"  requirements,  a 
specified  wing  loading  or  aspect  ratio,  or  even  propeller  tip/ 
fuselage  clearance  (in  the  case  of  a compound  helicopter  with 
wing-mounted  propellers) . 

Primary  and  auxiliary  independent  engine  nacelle  size  is  set 


i: 

i 
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by  the  type  of  engine  and  its  size  (which,  in  turn,  is 
dictated  by  power  requirements) . 

Figures  2-1  and  2-2  of  hybrid  single  and  tandem  rotor  heli- 
copter configurations  illustrate  the  type  of  information  con- 
cerning the  helicopter  geometry  which  may  be  required  of  the 
user.  Tables  2-1  and  2-2  illustrate  typical  values  of  selected 
geometric  characteristics  for  various  aircraft.  A complete 
list  of  input  geometric  * iriables  is  included  in  Section  5.3.1. 


2.2  PROPULSION  SYSTEM 

This  program  permits  the  use  of  either  a single,  primary 
propulsion  system  or  a combination  of  a primary  system  and  an 
auxiliary  independent  propulsion  system.  For  the  primary  sys- 
tem, turboshaft  cycles  are  always  used.  For  the  auxiliary 
independent  system,  either  turboshaft,  turbofan,  or  turbojet 
cycles  may  be  used.  The  progrcim  includes  the  applicable 
cycles  (shown  in  Table  2-3)  from  the  standard  library  of 
eighty-one  different  generalized  engine  cycles  developed  for 
the  VASCOMP  II  program.  The  user  of  the  program  may  either 
select  the  desired  engine  cycle (s)  from  the  standard  library 
or  input  the  characteristics  of  any  arbitrary  engine  cycle  he 
may  choose. 

The  library  engines  are  unrestricted  in  performance  over  their 
operating  system  range  (dictated  by  power  setting  limits) . 
However,  the  user,  at  his  discretion,  may  include  limits  on 
engine  operation  by  setting  maximum  values  of  fuel  flow, 
torque,  or  gas  generator  or  power  turbine  shaft  rpm.  In  addi- 
tion, nonlinear  scaling  effects  of  real  engines  may  be  included 
by  input  of  Reynolds  number-based  correction  factors.  Degra- 
dation in  performance  of  turboshaft  engines  operating  at 
nonoptimum  power  turbine  speed  will  be  calculated  by  the  pro- 
gram at  the  option  of  the  user.  The  library  engine  cycles  may 
thus  be  used  with  no  additional  input;  or,  by  appropriate 
additional  input,  may  be  made  to  include  the  effects  of  multi- 
ple operating  restrictions  and  other  factors  characteristic  of 
real  engine  cycles. 

During  a sizing  calculation,  the  engine  cycles  may  be  "scaled" 
or  fixed  in  size.  That  is,  if  the  user  desires,  the  program 
will  calculate  the  engine  size  required  to  meet  the  mission 
requirements;  or,  alternatively,  he  may  input  engines  of 
specified  size.  In  the  case  of  helicopters  employing  multiple 
propulsion  systems,  the  primary  system  may  be  sized  to  provide 
power  to  the  main  rotor (s)  for  producing  lift  and  part  of  the 
total  propulsive  thrust  required;  and  the  auxiliary  independ- 
ent system  will  be  sized  to  provide  the  remaining  propulsive 
thrust  or  power. 
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Typical  Helicopter  Geometry  Single  Rotor  Helicopter 


Figure  2-2.  Typical  Helicopter  Geometry  'v  Tandem  Rotor  Helicopter 
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TYPICAL  GEOMETRIC  CHARACTERISTICS 
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TABLE  2-3.  LIST  OF  ENGINE  CYCLES 


Primary  Propulsion 

Turboshaft 

Engine  press,  ratio 

Turb . inlet  temp . 

Auxiliary  Independent  Propulsion 

Turboshaft 

Engine  press,  ratio 

Turb.  inlet  temp. 

Turbojet 

Engine  press,  ratio 
Turb.  inlet  temp. 

Turbofan 

Engine  press,  ratio 

Turb.  inlet  temp. 

Fan  bypass  ratio 
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16 
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O 
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24 
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13,  16, 
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19,  22 
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13,  16, 
19,  22 
3200‘'R 


16,  20, 
24,  28 
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2.3  HELICOPTER  WEIGHT  SUMMARY 

A detailed  helicopter  weight  summary  is  provided  by  the 
program  through  use  of  statistical  weight  trend  equations.  A 
description  of,  and  justification  for,  these  equations  is 
given  in  Section  4.11.  Three  major  categories  of  weights  are 
calculated:  the  propulsion  group,  the  structures  group,  and 

the  flight  controls  group. 


2.4  AERODYNAMIC  CHARACTERISTICS 

The  aerodynamic  data  which  are  calculated  by  the  program  are 
the  helicopter  drag  and  (in  the  case  of  winged  or  compound 
helicopters)  the  lift  curve  slope  of  the  wing  (used  for  cal- 
culations of  the  gust  load  factor) . Drag  data  may  be  input 
to  the  program  in  a variety  of  forms  including  a single  point 
value  of  flat  plate  area,  drag  trends,  or  by  a detailed  drag 
summary.  Scaling  effects  on  drag  based  upon  Reynolds  number 
corrections  are  included.  Wing  spanwise  loading  efficiency 
(Oswald's  factor)  may  be  either  input  to  the  progreim  or  may 
be  program  calculated. 


2.5  ROTOR  CHARACTERISTICS 

Rotor  performance  may  be  calculated  either  by  the  short  form 
aerodynamic  performance  method  or  by  using  input  rotor  maps. 
The  short  form  method  employs  input  rotor  "cycles" . Correc- 
tions for  the  specific  rotor  and  helicopter  configuration 
geometry, (e.g. , blade  twist,  number,  cut-out,  rotor  overlap, 
etc.)  being  analyzed  are  made  by  the  program.  Included  with 
the  progrcun  is  a brief  library  of  currently  available  "cycles" 
(Table  2-4  lists  their  pertinent  characteristics) . 

Two  types  of  rotor  maps,  differing  in  the  type  and  format  of 
the  input  data  required,  may  be  used.  These  are  designated  as 
Type  I and  Type  II  rotor  maps  and  their  differences  are  noted 
in  Section  3.1.5.  The  Type  I rotor  map  may  be  used  in  two 
ways.  In  the  first  case,  isolated  rotor  data  derived  for  a 
specific  rotor  configuration  is  input  and,  as  in  the  short 
form  method,  blade  and  configuration  geometry  corrections  are 
applied  by  the  program.  In  the  second  approach,  a rotor  map 
generated  from  total  configuration  rotor  power  data  (e.g.  in 
the  case  of  a single  rotor  helicopter,  this  would  be  the  sum 
of  main  and  tail  rotor  power)  is  input.  No  corrections  are 
applied.  Thus,  the  particular  blade  and  helicopter  configura- 
tion geometry  inherent  in  the  data  from  which  the  map  is  gen- 
erated is  reflected  unchanged  in  the  calculated  rotor  perform- 
ance. The  Type  II  rotor  map  may  be  used,  however,  only  as 
outlined  in  the  first  approach  noted  above. 
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3j0  program  operation 


f 3.1  GENERAL 

'i 

3.1.1  The  Option  Indicator 

As  previously  described,  the  program  has  two  major  options 
and  a third  which  is  a combination  of  these  two.  The  specific 
option  to  be  used  is  selected  by  means  of  an  input  "option 
indicator"  abbreviated  OPTIND. 

OPTIND  = 1 

This  is  an  iterative  routine  which  determines  the  aircraft 
weight,  dimensions,  and  required  power  to  satisfy  a prescribed 
mission  flight  profile.  In  addition  to  the  flight  profile, 
certain  characteristics  describing  the  type  of  aircraft  are 
specified,  such  as  the  wing  aspect  ratio,  thickness  ratio,  the 
wing  loading  or  disc  loading,  the  engine  cycle,  etc. 

OPTIND  = 2 or  3 

These  options  are  used  to  calculate  the  flight  performance  of 
an  aircraft  for  which  the  size  is  fixed.  In  addition  to  the 
aircraft  characteristics  described  above,  the  power  available, 
aircraft  dimensions,  etc.  are  input  to  the  progreum.  A flight 
profile  is  also  specified.  The  program  then  calculates  the 
performance  history  of  the  aircraft  for  the  specified  mission. 

If  OPTIND  = 2 is  selected,  the  aircraft  gross  weight  is  input 
! and  the  fuel  required  to  fly  the  specified  mission  is  deter- 

--  mined.  This  option  is  useful  for  solving  many  different  per- 

formance problems  where  it  is  desired  to  constrain  gross 
weight,  such  as  calculating  climb  performance,  cruise  perform- 
ance, or  payload-range  capability. 

If  OPTIND  = 3 is  selected,  the  operating-weight-empty  is  input 
and  takeoff  gross  weight  and  required  fuel  load  is  determined. 
This  option  is  useful  for  calculating  various  overload  off- 
i design  weights  and  for  determining  ferry  performance. 

i Combined  Option 

[ This  option  permits  the  user  to  size  an  aircraft  for  a "design- 

I point"  mission  and  then  to  calculate  the  off-design-point 

1 performance  of  the  sized  aircraft  for  a variety  of  additional 

missions.  Basically,  this  option  causes  the  program  to  run 
option  number  one  (OPTIND  = 1) , save  the  sizing  data  generated 
in  that  option,  and  then  input  this  information  into  the  per- 
\ formance  option  (OPTIND  = 2) . 
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3.1.2  Description  of  Mission  Profile 


The  performance  calculation  subpro9r6un  in  HESCOMP,  consisting 
of  nine  individual  subroutines,  permits  the  simulation  of  air- 
craft performance  for  virtually  any  mission  flight  profile. 

A typical  performance  analysis  is  made  up  of  a series  of  ele- 
ments which,  in  building  block  fashion,  allows  the  user  of  the 
program  to  perform  a wide  variety  of  studies.  The  elements  of 
a typical  performance  analysis  are: 


1.  Segment  - A segment  of  a mission  profile  is  a unique 
portion  of  the  mission  such  as  a cruise  or  a climb.  A 
segment  starts  with  a set  of  initial  conditions  of  one 
or  more  of  the  variables  of  state  (altitude,  range, 
weight,  etc.)  and  ends  when  a terminal  condition  (or 
conditions)  has  been  satisfied. 


2.  Hop  - A hop  is  defined  as  a set  of  segments  ending  at 
some  logical  terminal  locations  (such  as  ground  level  at 
the  desired  range) . Thus,  a hop  might  consist  of  flying 
from  location  "A"  to  location  "B"  by  means  of  combining 
the  following  segments:  taxi,  takeoff,  climb,  cruise, 
descent,  landing,  and  taxi. 

3.  Leg  - A leg  of  a mission  is  herein  defined  as  a set  of 
hops  ending  in  a re-fueling  of  the  aircraft.  Thus,  a leg 
might  consist  of  flying  from  location  "A"  to  "B" , then  to 
"C",  at  which  point  the  aircraft  is  refueled. 

4.  Mission  - A mission  is  defined  in  this  progreim  as  a set 
of  legs  (or  hops  or  segments)  which  satisfy  some  specific 
operational  requirement.  In  this  program,  the  mission  is 
the  basic  element  for  which  the  aircraft  is  sized. 

5.  Case  - A case  is  a consecutive  series  of  missions  for  the 
same  aircraft.  This  program  permits  the  user  to  analyze 
a case  which  consists  of  a mission  for  which  an  aircraft 
is  sized,  followed  by  a different  mission  which  the  now- 
sized aircraft  performs,  followed  by  yet  additional 
missions . 


The  performance  calculations  subprogram  consists  of  nine 
individual  performance  segments,  specified  by  means  of  an  in- 
put indicator,  SGTIND.  The  segments  are  taxi  (SGTIND  = 1) , 
hover  (SGTIND  = 2),  climb  (SGTIND  = 3),  cruise  (SGTIND  = 4), 
descent  (SGTIND  = 5) , loiter  (SGTIND  = 6) , an  increment  in 
weight  of  fuel  (SGTIND  =7)  or  payload  (SGTIND  = 8) , and  a 
transfer  of  altitude  (SGTIND  = 9) . The  end  of  the  mission  is 
specified  by  an  input  SGTIND  =0.  An  array  of  segment  indi- 
cators is  input  to  the  program  to  specify  the  mission  being 
studied.  Thus,  a typical  array  might  be; 
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At  the  end  of  any  leg,  the  sum  of  segment  fuel  required  to 
perform  that  leg  is  stored  in  the  computer.  At  the  end  of  the 
mission,  the  largest  of  these  stored  values  is  used  to  deter- 
mine the  aircraft  sizing  requirements  when  OPTIND  =1.  An  end 
of  a case  is  specified  by  an  input  SGTIND  = 100.  Since  an 
end-of-case  is  also  always  an  end-of -miss ion,  it  is  not  neces- 
sary to  end  a case  by  a SGTIND  = 0 followed  by  SGTIND  = 100. 
SGTIND  = 100  always  takes  precedence  over  SGTIND  = 0.  The 
distinction  between  a mission  and  a case  is  most  useful  when 
it  is  desired  to  size  an  aircraft  for  a specified  mission 
followed  by  analysis  of  the  off-design-point  performance  of 
the  "sized"  aircraft  on  other  missions.  As  an  example,  with 
SGTIND  * 1 (sizing  option)  the  following  array  of  SGTIND  might 
be  used: 


SGTIND  - 


The  progreun  will  size  the  aircraft  for  the  first  mission  and 
then  analyze  the  performance  of  the  "sized"  aircraft  for  the 
second,  third  and  fourth  missions.  Up  to  50  consecutive  seg- 
ments may  be  included  in  a single  case,  arranged  in  any  arbi- 
trary series  of  hops,  legs,  and  missions.  Up  to  10  of  any 
specific  segments  may  be  included  in  any  case.  Thus,  a case 
might  consist  of  several  missions,  each  mission  having  several 
different  cruise  segments. 


Each  segment  is  a discrete  element  of  the  mission.  Independent 

of  any  other  segment  with  the  exception  of  the  influence  on  j 

the  altitude,  range,  weight,  and  time.  That  is,  the  first  h 


cruise  of  a case  might  be  at  cruise  power  at  standard  atmos- 
pheric conditions  and  the  second  cruise  could  be  at  best 
specific  range  for  a nonstandard  day. 

At  the  start  of  a case,  the  user  inputs  values  for  initial 
conditions  of  altitude,  range,  weight,  and  time.  The  first 
segment  of  the  case  uses  these  values  as  initial  boundary  con- 
ditions and  the  segment  ends  at  a specified  terminal  condition 
The  final  values  of  altitude,  range,  weight,  and  time  then  be- 
come, in  turn,  the  initial  values  for  the  following  segment. 

The  final,  or  terminal,  condition  varies  depending  upon  the 
segment.  Terminal  conditions  for  each  segment,  input  by  the 
user,  are; 

Taxi  - increment  in  time 

Takeoff,  Hover,  and  Landing  - increment  in  time 
Climb  - altitude  at  end  of  climb 


Descent  - altitude  at  bottom  of  descent  and,  for  certain 
options,  range  at  end  of  descent 

Loiter  - increment  in  time 

Change  of  Fuel  Weight  - increment  in  weight  and  increment  in 

time 

Change  of  Payload  Weight  - increment  in  weight  and  increment 

in  time 

Transfer  Altitude  - final  altitude 

Segments  2 through  6 (takeoff,  hover,  and  landing  through 
loiter)  require,  in  addition  to  terminal  conditions  on  one  of 
the  variables  of  state,  an  input  value  for  the  step  size  to  be 
used  in  the  calculations.  The  step  size  specifies  both  the 
increment  in  the  primary  variable  which  is  used  in  the  calcu- 
lations and  the  increment  between  successive  printouts. 
Printouts  occur  at  even  integral  multiples  of  the  primary 
variable.  Thus,  if  an  aircraft  is  required  to  climb  from  a 
starting  value  of  altitude  of  6300  feet  to  a final  value  of 
29,500  feet,  and  the  step  size  is  specified  as  1000  feet,  the 
program  will  calculate  and  print  at  6300  feet,  7000  feet,  8000 
feet,  etc.  to  29,500  feet.  As  the  step  size  is  decreased,  the 
progrcun  accuracy  improves,  but  the  computing  time  lengthens. 

Atmospheric  conditions  may  vary  from  segment  to  segment.  For 
example,  the  first  segment,  a cliinb,  may  be  for  a standard 
atmosphere;  the  second  segment,  a cruise,  may  use  a constant 
increment  in  temperature  above  standard;  and  the  third  segment 
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another  climb,  may  use  a nonstandard  temperature  versus 
altitude  table.  The  third  atmosphere  option  requires  a tab- 
ular input  of  temperature  ratio  versus  altitude.  Only  one 
nonstandard  tabular  atmosphere  may  be  used  in  a single  case. 
Segments  1 through  6 (taxi  through  loiter)  may  be  used  to  sim- 
ulate an  additional  requirement  for  reserve  fuel.  The  reserve 
fuel  calculated  in  this  manner  is  used  as  part  of  the  total 
fuel  required  to  size  the  aircraft.  However,  the  aircraft 
weight  is  not  reduced  by  the  amount  of  the  reserve  fuel.  This 
option  is  specified  by  inserting  a value  of  10  x SGTIND  for 
the  particular  mission  segment  indicator  where  reserve  fuel  is 
to  be  calculated.  For  example,  if  it  is  desired  to  calculate 
reserve  fuel  at  a specified  cruise  condition,  SGTIND  = 40; 
i.e.,  (SGTIND  =4)  x 10  is  input. 

3.1.3  Special  Flight  Path  Control  Option 

hoPTiND  - This  indicator  will  permit  the  user  to  fly  a mission 

at  the  optimiom  altitude  for  best  fuel  consumption.  The  pro- 
greim  will  automatically  determine  the  best  altitude  for  any 
cruise  segment  which  is  preceded  by  either  a climb  segment  or 
a transfer  of  altitude.  If  the  cruise  is  preceded  by  a climb, 
the  program  will  determine  the  flight  altitude  which  minimizes 
the  sum  of  the  fuel  for  climb  and  cruise.  If  the  cruise  is 
preceded  by  a transfer  altitude,  the  program  will  determine 
the  altitude  for  the  best  fuel  consumption  during  cruise  only. 

In  addition  to  specifying  that  optimum  altitude  flight  is  de- 
sired during  the  mission,  the  user  may  specify  a maximum 
altitude  permitted  for  each  cruise  segment.  This  is  specified 
by  means  of  the  h^AX  input  for  the  preceding  climb  or  the 
hpiNAL  input  for  the  preceding  transfer  altitude.  The  maximum 
altitude  specification  is  useful  in  studying  missions  for 
which  some  of  the  cruise  segments  are  to  be  optimized  while 
other  cruise  segments  are  to  be  flown  at  known  altitude  such 
as  the  high-low- low-high  mission  shown  below  in  which  the  low 
altitude  segments  represent  sea  level  dashes.  For  this  mission, 
the  user  specified  = 0 for  the  transfer  altitude  segment. 
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3.1.4  Propeller  Efficiency 

Propeller  efficiency  can  be  calculated  in  three  different  ways 
for  compound  and  auxiliary  propulsion  helicopters.  The  option 
chosen  is  specified  by  means  of  a propulsive  efficiency  indi- 
cator, nplND.  The  options  range  from  (a)  input  of  a set  of 
point  values  of  efficiency  to  (b)  input  of  a prop  map  table 
to  (c)  automatic  calculation  of  propeller  performance.  The 
option  chosen  will  depend  on  the  type  of  problem  being  studied 
as  each  of  the  means  of  calculating  prop  performance  has  fea- 
tures which  may  be  desirable  under  certain  conditions.  These 
options  are  described  in  more  detail  in  Section  4.7. 

3.1.5  Rotor  Power  Required  Calculation 

The  method  most  likely  to  be  used,  and  certainly  the  most  con- 
venient, from  the  point  of  view  of  inputs,  is  the  short  form 
aerodynamic  performanc  method.  Rotor  blade  performance  data 
is  input  in  the  form  of  "cycles",  with  corrections  for  the 
specific  rotor  and  helicopter  configuration  under  study  being 
applied  by  the  progreim. 

Two  types  of  rotor  maps  may  be  input.  These  differ  in  the 
type  and  format  of  the  input  data  required.  The  Type  I rotor 
map  requires  Cpjj/a  as  a function  of  Ct/ct  and  MtiP  (hover  per- 
formance) and  Cp/a  as  a function  of  w,  Ct'/ct,  and  Cx/cr  (cruise 
performance) . The  Type  II  rotor  map  requires  F.M.  as  a func- 
tion of  Ct/o  and  Mtip  (hover  performance)  and  rotor  L/De  as  a 
function  of  v,  On'/o,  and  X/L  (cruise  performance).  The 
Type  I rotor  map  data  may  be  input  in  two  ways . The  first 
utilizes  isolated  rotor  data  derived  for  a specified  rotor 
configuration,  but  corrected  by  the  program  for  the  specific 
rotor  and  helicopter  configurations  under  study.  The  second 
uses  total  configuration  rotor  data  (i.e.,  in  the  case  of  a 
single  rotor  helicopter,  this  would  include  both  main  and  tail 
rotor  power)  and  applies  no  corrections  to  the  data.  The 
Type  II  rotor  map  option  always  uses  isolated  rotor  data  de- 
rived for  a specified  rotor  configuration,  but  corrected  by 
the  program  for  the  specific  rotor  and  helicopter  configuration 
under  study. 

The  short  form  aerodynamic  performance  method,  and  the  Type  I 
(1st  version)  and  Type  II  rotor  map  options  are  suitable  for 
use  both  in  sizing  and  performance  only  calculations,  since 
corrections  for  variations  in  rotor  and  helicopter  configura- 
tions are  applied.  The  Type  I (2nd  version)  rotor  map  option, 
however,  must  be  restricted  to  use  only  in  non-sizing  applica- 
tions. Possible  areas  of  use  could  be,  for  example,  the  case 
where  (a)  it  is  inconvenient  for  the  magnitude  of  the  particu- 
lar application  to  generate  the  data  required  for  creating  a 
rotor  cycle  or  generalized  rotor  map,  or  (b)  in  calculating 
the  mission  performance  of  existing  helicopters  (e.g.  the 
HH-43B,  WG-13,  UH-2,  etc.)  utilizing  rotor  maps  derived  from 
Flight  Handbooks,  etc. 
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3.2  PROGRAM  OPTIONS 

Flexibility  of  operation  and  generality  of  approach  have  been 
accomplished  by  use  of  many  optional  computation  paths.  The 
path  to  be  used  is  selected  by  the  user  through  use  of  a series 
of  input  indicators.  Besides  the  option  indicator,  previously 
described,  the  program  indicators  fall  into  seven  categories: 
propulsion  indicators,  aerodynamics  indicators,  size  trends 
indicators,  mission  performance  indicators,  flight  path  control 
indicators,  an  atmosphere  indicator,  and  an  optional  print 
indicator.  The  indicators  and  their  use  are  described  below. 


A summary  list  of  all  indicators  and  their  values  is  included 
in  Section  5.3.2. 


3.2.1  Propulsion  Indicators 


AIPIND  - Indicator  which  differentiates  between  compounds  with 
and  without  auxiliary  independent  engines.  AIPIND  = 1 denotes 
a compound  helicopter  having  a single  set  of  engines  connected 
both  to  the  main  rotor  and  auxiliary  propulsion  systems. 

AIPIND  = 2 indicates  a compound  helicopter  with  independent 
engines  for  auxiliary  propulsion. 


ENGIND  - Two  different  classes  of  cruise  engines  are  included 
TrT  "the  program.  They  are  "horsepower  producing"  engines  and 
"thrust  producing"  engines.  The  horsepower  producing  engines 
which  are  included  in  the  standard  engine  library  are  turbo- 
shaft engine  cycles.  The  thurst  producing  engines  in  the 
engine  library  are  either  turbojet  or  turbofan  engines.  If 
ENGIND  = 0,  a power  producing  cycle  is  selected.  If  ENGIND  = 
1,  a thrust  producing  cycle  is  selected. 

ESCIND  - The  program  permits  the  user  to  size  the  primary 
engines  either  for  takeoff  conditions  only  or  for  the  more 
critical  choice  of  takeoff  or  cruise.  This  is  specified  by 
means  of  the  engine  sizing  indicator,  ESCIND.  If  ESCIND  = If 
the  program  will  size  the  engines  for  takeoff  conditions  only. 
If  ESCIND  = 2,  the  program  will  size  the  engines  for  takeoff, 
then  cross-cneck  the  engine  size  required  for  cruise  condi- 
tions, and  pick  the  more  critical  of  the  two  conditions. 

FIXIND  - Engines  selected  for  aircraft  being  studied  in  the 
program  may  be  either  "fixed"  in  size  or  "rubberized."  If  the 
engines  are  "rubberized,"  the  engine  sizing  subroutine  calcu- 
lates the  maximum  power  or  thrust  of  the  engines  required  to 
satisfy  certain  specified  criteria.  If  the  engines  are  fixed 
in  size,  the  user  inputs  the  level  of  maximum  power  or  thrust 
for  the  engines  and  the  engine  sizing  subroutine  is  bypassed. 
The  user  specifies  the  option  of  calculation  by  means  of  the 
input  indicator,  FIXIND.  If  FIXIND  = 0,  the  engines  are  fixed 
in  size.  If  FIXIND  = 1,  the  engine  sizing  subroutine  is  used 
to  calculate  the  size  of  the  "rubberized"  engines. 
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FIXINDI  - PIXINDI  serves  the  saune  function  for  the  auxiliary 
independent  engines  that  FIXIND  does  for  the  primary  engines. 

POWIND  - This  indicator  specifies  the  limiting  power  setting 
to  be  used  in  climb,  cruise,  and  for  engine  sizing  at  cruise 
conditions:  maximum  (POWIND  = 0) , military  (POWIND  = 1) , and 
normal  (POWIND  = 2) . A separate  value  of  this  indicator  is 
input  with  each  climb  and  cruise  and  for  engine  sizing. 


WDTIND,  QIND,  NlIND,  NlSIND,  N2IND  - These  indicators  specify 
to  the  program  that  the  primary  engine  performance  is  re- 
stricted by  a maximum  level  of  fuel  flow,  torque,  gas  generator 
shaft  rprni,  gas  generator  referred  shaft  rpm,  or  power  turbine 
(output)  shaft  rpm.  An  input  zero  value  for  these  indicators 
will  permit  operation  restricted  only  by  power  setting  (turbine 
temperature)  limits.  A unity  input  for  any  of  the  indicators 
will  cause  the  engine  operation  to  also  be  restricted  by  a 
maximum  level  of  the  appropriate  variable.  More  than  one  of 
these  indicators  may  be  set  to  unity  at  the  same  time,  thus 
simulating  performance  of  an  engine  operating  with  multiple 
restrictions.  N2IND  has  a third  possible  value  which  the  user 
may  input  for  turboshaft  engines,  N2IND  = 2.  This  input 
specifies  that  the  engine  is  operating  at  a known  discrete 
value  of  output  shaft  speed  (in  general,  not  the  optimum 
value) . If  this  option  is  used,  the  user  inputs  the  level  of 
Njj  for  each  flight  segment,  and  the  progreun  will  calculate 
the  effect  on  engine  performance. 

WDTINDI,  QINDI,  NlINDI,  N19INPI,  N2INpi  - These  indicators 
specify  to  the  program  that  the  auxiliary  independent  engine 
performance  is  restricted  by  a maximum  level  of  fuel  flow, 
torque,  gas  generator  shaft  rpm,  or  power  turbine  (output) 
shaft  rpm.  An  input  zero  value  for  these  indicators  will  per- 
mit operation  restricted  only  by  power  setting  (turbine  tem- 
perature) limits.  A unity  input  for  any  of  the  indicators 
will  cause  the  engine  operation  to  also  be  restricted  by  a 
maximum  level  of  the  appropriate  variable.  More  than  one  of 
these  indicators  may  be  set  to  unity  at  the  same  time,  thus 
simulating  performance  of  an  engine  operating  with  multiple 
restrictions.  N2INDI  has  a third  possible  value  which  the 
user  may  input  for  turboshaft  engines,  N2INDI  = 2.  This  input 
specifies  that  the  engine  is  operating  at  a known  discrete 
value  of  output  shaft  speed  (in  general,  not  the  optimum 
value) . If  this  option  is  used,  the  user  inputs  the  level  of 
Njj  for  each  flight  segment,  and  the  program  will-  calculate 
the  effect  on  engine  performance. 


3-8 


RNOIND  - The  performance  of  real  engines  is  sensitive  to 
scaling  effects.  That  is,  doubling  the  maximum  static  power 
of  the  engine  at  sea  level  for  standard  atmospheric  conditions 
by  increasing  the  physical  size  of  the  engine  will  not  cause  a 
corresponding  doubling  of  the  power  at  other  operating  condi- 
tions. This  nonlinear  behavior  is  due  to  the  influence  of 
variations  in  the  Reynolds  number  at  the  compressor  inlet. 
RNOIND  permits  these  effects  to  be  accounted  for  on  turboshaft 
engines  through  use  of  an  input  table  of  a correction  factor 
on  power  available.  If  the  indicator  is  set  to  unity,  the 
tabulated  correction  factor  may  be  input  and  will  be  used  by 
the  program  to  account  for  scaling  effects.  A zero  input  for 
the  indicator  will  cause  the  progreim  to  assume  that  perfect 
scaling  occurs. 


RNOINDI  - This  indicator  serves  the  same  purpose  for  the 
auxiliary  independent  engines  as  RNOINDI  serves  for  the 
primary  engines. 


ROTIND  - Controls  the  selection  of  the  rotor  performance  com- 
putation method.  In  addition  to  the  short  form  aerodynamic 
performance  method,  rotor  performance  may  be  calculated  with 
the  use  of  two  alternate  forms  of  rotor  map.  The  Type  I rotor 
map  (input  locations  2700->-3410)  requires  Cp^/a  as  a function 
of  Ct/o  and  Mtip  (hover  performance)  and  Cp/a  as  a function  of 
Ct'/o,  and  Cx/o  (cruise  performance).  The  Type  II  rotor 
map  (input  locations  3420->4130)  requires  F.M.  as  a function  of 
Or  A and  Mtip  (hover  performance)  and  rotor  L/De  as  a function 
of  w,  Ct'/o,  and  X/L  (cruise  performance) . If  ROTIND  = 1, 
rotor  performance  is  calculated  by  the  short  form  aerodynamic 
performance  method  (requiring  the  input  of  a rotor  "cycle") . 

If  ROTIND  = 2,  a Type  I rotor  map  is  input  with  corrections 
being  applied  by  the  program  for  the  specific  rotor  and  heli- 
copter configuration  geometry  being  studied.  If  ROTIND  = 3,  a 
Type  I rotor  map  is  input,  with  no  corrections  being  applied. 
If  ROTIND  = 4,  a Type  II  rotor  map  is  input  with  corrections 
being  applied  by  the  program  for  the  specific  rotor  and  heli- 
copter configuration  geometry  being  studied. 

ripIND  - This  indicator  permits  the  user  to  select  one  of  three 
different  methods  for  predicting  propeller  performance  for 
compound  and  auxiliary  propulsion  helicopters.  If  npIND  = 0, 
the  user  can  specify  a set  of  point  value  efficiencies  for 
each  climb  and  descent  and  a table  of  efficiency  versus  Mach 
number  for  cruise  and  loiter.  An  input  of  ripIND  = 1 will 
permit  the  user  to  load  in  a propeller  performance  map  to  be 
used  during  climb,  cruise,  and  loiter  while  an  input  of 
npIND  = 2 will  permit  use  of  an  automatic  subroutine  within 
the  program  for  calculating  prop  performance.  It  is  antici- 
pated that  this  latter  option  will  be  used  for  the  majority 


4 


tv  1 - 


of  sizing  and  performance  studies.  The  input  prop  map  option 
will  typically  be  used  in  cases  where  detailed  test  data  is 
available  on  prop  performance  and  it  is  desired  to  closely 
represent  a specific  propeller.  The  first  option,  permitting 
input  of  point  values,  is  most  useful  for  sensitivity  studies 
or  where  propeller  choice  has  not  yet  been  made  and  only 
representative  values  of  efficiency  are  desired.  A more  de- 
tailed discussion  of  these  options  is  contained  in  Section  4.7. 

3.2.2  Aerodyncunics  Indicators 

DRGIND  - The  method  of  determining  the  total  parasite  drag  of 
the  helicopter  is  specified  to  the  program  by  means  of  the 
indicator  DRGIND.  If  DRGIND  = 1,  configuration  parasite  drag 
is  built  up  in  component  fashion,  with  Reynolds  number  scaling. 
If  DRGIND  = 2,  the  parasite  drag  is  calculated  from  a parasite 
drag  trend  derived  from  the  inputs  (GW/Fe)  and  Kpgjj. 

OSWIND  - The  span  loading  efficiency  factor  (Oswald's  effi- 
cient factor)  may  be  calculated  by  the  program  from  an 
approximate  relationship  as  a function  of  wing  aspect  ratio. 

If  the  user  prefers,  he  may  input  a fixed  value  of  the  effi- 
ciency factor  to  the  program.  An  input  of  OSWIND  = 0 permits 
the  user  to  input  a fixed  value  for  efficiency.  An  input  of 
OSWIND  = 1 will  cause  the  program  to  use  the  approximate 
equation  to  calculate  the  value  for  efficiency. 

3.2.3  Size  Trends  Indicators 

APHIND  - The  aft  rotor  pylon  height  of  a tandem  rotor  heli- 
copter is  specified  by  use  of  this  indicator.  If  APHIND  = 1, 
aft  pylon  height  is  input  directly  in  feet.  If  APHIND  = 2, 
the  tandem  rotor  gap/stagger  (g/s)  ratio  is  input  and  aft 
pylon  height  is  sized  accordingly. 

AUXIND  - Four  versions  of  both  the  single  and  tandem  rotor 
helicopter  may  be  specified  through  this  indicator.  They  are: 
a pure  helicopter  (AUXIND  = 1) , a winged  helicopter  only 
(AUXIND  = 2) , an  auxiliary  propulsion  helicopter,  only 
(AUXIND  = 3) , and  a compound  (wings  and  avuciliary  propulsion) 
helicopter  (AUXIND  = 4) . 

bv/IND  - For  a configuration  having  wings,  this  option  deter- 
mlhSS  the  manner  in  which  wing  span  is  calculated  during  the 
sizing  process.  If  b^^IND  = 1,  wing  span/rotor  di2uneter  ratio 
(by,/D)  is  input.  If  bwIND  = 2,  wing  aspect  ratio  (AR)  is 
input.  If  bwIND  = 3 (used  when  dealing  with  wing-mounted 
propellers)  wing  span  is  determined  from  propeller  tip/ 
fuselage  clearance  considerations. 

CNFIND  - This  indicator  specifies  the  helicopter  configuration 
to  be  analyzed.  These  are:  the  single  rotor  helicopter 
(CNFIND  = 1)  and  the  tandem  rotor  helicopter  (CNFIND  = 2) . 
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FDMIND  - Determines  the  manner  is  which  a tandem  rotor  heli- 


copter fuselage  is  sized.  If  FDMIND  = 1,  tandem  rotor  overlap 
(.(0/L)/D)  and  forward  and  aft  rotor  positions  (AXi/lp,  AX2/1t) 
are  specified.  If  FDMIND  = 2,  overlap  and  cabin  length  (1^) 
are  input.  If  FDMIND  = 3,  cabin  length  and  forward  and  aft 
rotor  positions  are  input. 

HTIND  - Permits  the  user  to  input  fixed-size  horizontal  tail 
surfaces  to  the  program  or,  optionally,  to  have  the  program 
calculate  the  tail  surface  size  based  upon  an  input  tail 
"volume"  coefficient.  If  HTIND  = 0,  the  program  will  assume 
no  horizontal  tail  exists.  If  HTIND  = 1,  the  tail  area  may 
be  input  directly.  If  HTIND  = 2,  the  program  will  calculate 
the  size  based  upon  a tail  "volume"  coefficient. 

MRPIND  - Specifies  the  placement  of  the  main  rotor  of  a single 
rotor  helicopter  on  its  fuselage.  If  MRPIND  = 0,  the  user 
inputs  directly  the  main  rotor  position  (aft  of  the  nose)  as 
a fraction  of  body  length  (X^/Ib) • If  MRPIND  = 1,  the  program 
does  a simple  mass  balance  calculation  and  determines  the 
rotor  position  relative  to  the  aircraft  eg.  If  MRPIND  =2, 
the  same  procedure  is  carried  out  as  with  MRPIND  = 1 with  the 
exception  that  the  program  assumes  the  auxiliary  drive  system, 
propeller,  and  auxiliary  independent  engines  (if  any)  to  be 
located  on  the  wing . 

RDMIND  - Specifies  manner  in  which  main  rotor  is  sized.  If 
RDMIND  = 1,  main  rotor  diameter  and  solidity  are  input  di- 
rectly. If  RDMIND  = 2,  disc  loading  and  solidity  are  input, 
diameter  is  calculated.  If  RDMIND  = 3,  diametter  and  Ct/o  are 
input,  solidity  is  calculated.  If  RDMIND  = 4,  disc  loading 
and  C>r/a  are  input  and  both  diameter  and  solidity  are 
calculated. 

Sy^IND  - Specifies  options  available  for  wing  sizing.  These 
are:  wing  area  input  directly  (SWIND  = 1) , wing  area  sized 
based  on  an  input  wing  loading  (SWIND  = 2) , and  wing  area 

sized  by  rotor/wing  maneuver  requirements  (SWIND  = 3) . I 


TRDIND  - Determines  manner  in  which  tail  rotor  diauneter  is 
sized.  If  TRDIND  = 0,  the  helicopter  is  sized  without  a tail 
rotor  (Note:  this  indicator  is  only  used  in  conjunction  with 
CNFIND  = 1.0) . If  TRDIND  = 1,  tail  rotor  diameter  is  calcu- 
lated from  a trend  of  Dmr/Dtr  contained  in  the  program.  If 
TRDIND  = 2,  tail  rotor  diameter  is  input  directly.  If  TRDIND 
= 3,  a value  of  net  tail  rotor  disc  loading,  (T/A)neT/  is  in- 
put and  tail  rotor  diameter  is  determined  through  an  iterative 
procedure . 
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TRSIND  - Tail  rotor  solidity  sizing  indicator.  If  TRSIND  = 1, 
tail  rotor  solidity  is  input  directly.  If  TRSIND  = 2,  C^/a  is  * 

input  and  tail  rotor  solidity  is  sized  based  on  either  hover- 
antitorque  or  hovering  turn  requirements . 

VTFIND  - Vertical  tail  area  sizing  indicator.  If  VTFIND  = 1, 
vertical  tail  size  is  based  on  input  values  of  aspect  ratio 
(ARvt)  and  tail  fin/tail  rotor  overlap  (hvr) • If  VTFIND  = 2, 
tail  fin/tail  rotor  overlap  and  directional  stability  require- 
ments, (sufficient  tail  area  to  counteract  main  rotor  torque 
in  cruise  flight,  if  tail  rotor  is  lost) , dictate  vertical 
tail  area.  If  VTFIND  = 3,  the  same  requirements  must  be  met 
as  with  VTFIND  = 2,  with  the  exceptions  that  ARvt  specified 
and  tail  fin  overlap  is  calculated  along  with  vertical  tail 
area . 

XMSNIND  - Indicator  that  controls  drive  system  transmission 
sizing.  If  XMSNIND  = 0,  main,  tail  and  auxiliary  drive  system 
ratings  are  specified  as  a fraction  of  primary  engine  in- 
stalled power  (in  the  case  of  a compound  helicopter  with  aux- 
iliary independent  propulsion,  the  auxiliary  independent  drive 
system  rating  is  specified  as  a fraction  of  the  auxiliary  in- 
dependent engine  installed  power) . 

If  XMSNIND  =1,  the  drive  system  ratings  calculated  are  equal 
to  the  product  of  the  applicable  multiplicative  factors 
(SHPjijj^jj/SHP , SHP^j^/TRP*,  ®HP^jyj/SHP and  the  component 
(main  tail,  and  auxiliary)  power  obtained  from  the  propor- 
tional split  (based  on  power  required)  of  the  total  sea  level 
standard  maximum  (installed)  engine  power. 

If  XMSNIND  = 2,  main,  tail,  and  auxiliary  drive  system  ratings 
are  specified  at  a fraction  of  the  power  required  to  hover  or 
cruise  at  design  conditions  (more  critical  of  the  two  condi- 
tions is  selected)  . 

If  XMSNIND  = 3,  the  same  applies  as  in  the  case  where  XMSNIND 
= 2,  except  the  most  critical  of  the  two  design  conditions  is 
compared  to  the  drive  system  rating  required  at  an  alternate 
payload/gross  weight  hover  at  the  design  point  conditions. 

The  most  critical  of  th^oe  three  conditions  is  selected. 

■ 

If  XMSNIND  = 4,  the  same  applies  as  in  the  case  where  XMSNIND  ; 

= 2,  except  that  the  tail  rotor  drive  system  rating  is  selec- 
ted independently  of  the  main  rotor  drive  system  to  match  a 
specified  fraction  of  power  required  to  hover  or  cruise  at 
design  conditions  (more  critical  of  the  two  conditions  is 

selected) . ' 


If  XMSNIND  = 5,  the  same  applies  as  in  the  case  where  XMSNIND 
= 3,  except  that  the  tail  rotor  drive  system  rating  is  selec- 
ted independently  of  the  main  rotor  drive  system  (as  when 
XMSNIND  = 4) , and  the  most  critical  of  the  two  design  condi- 
tions is  cOTipared  to  the  tail  rotor  drive  system  rating  re- 
quired at  an  alternate  payload/gross  weight  hover  at  the 
design  point  conditions,  the  most  critical  of  these  three  con- 
ditions being  selected. 

3.2.4  Mission  Performance  Indicators 

CLMIND  - Four  types  of  climb  calculations  are  permitted:  maxi- 
mum rate  of  climb  (CLMIND  = 1) , constant  equivalent  airspeed 
(CLMIND  = 2) , constant  Mach  number  (CLMIND  = 3) , and  constant 
true  airspeed  (CLMIND  = 4) . 

CRSIND  - Six  types  of  cruise  missions  are  included  in  the  pro- 
gram: cruise  at  fixed  cruise  power  (CRSIND  = 1) , cruise  at  con- 
stant true  airspeed  (CRSIND  = 2) , cruise  at  airspeed  for  best 
specific  range,  (CRSIND  = 3) , cruise  at  the  speed  for  99%  of 
best  specific  range  (CRSIND  = 4) , cruise-climb  (constant  W/6) 
at  the  speed  for  best  specific  range  (CRSIND  = 5) , or  cruise- 
climb  at  the  speed  for  99%  of  best  specific  range  (CRSIND  = 6) . 

DESIND  - Twelve  different  descent  paths  may  be  calculated  by 
the  program.  They  are  of  three  major  types:  descent  at  con- 
stant true  airspeed  (TAS) (DESIND  = 1) , descent  at  constant 
Mach  number  (DESCIND  = 3) . Four  variations  of  each  of  these 
major  types  of  descent  are  specified  by  RMAXND.  It  should  be 
noted  that  there  are  no  idle  power  or  autorotative  descent 
options  available.  However,  depending  on  the  descent  flight 
conditions  specified,  it  is  possible  to  operate  on  an  auto- 
rotative descent  boundary  (see  Section  4.12.5)  during  a descent. 

RMAXND  - Used  in  conjunction  with  DESIND  to  specify  types  of 
descent.  If  RMAXND  = 0,  the  descent  flight  path  ends  at  a 
specified  terminal  range  (cruise  segment  must  be  input  previous 
to  descent) . If  RMAXND  = 1,  the  progreun  checks  the  specified 
terminal  range,  and,  if  the  predicted  flight  path  will  end 
beyond  the  specified  terminal  range  value,  a spiral  descent 
path  is  assumed  at  that  point;  if  the  predicted  flight  path  ends 
before  reaching  the  specified  terminal  range  point,  the  program 
prints  "SHALLOWER  DESCENT  REQUIRED".  If  RMAXND  = 2,  the 
descent  ends  at  a specified  minimum  altitude,  terminal  range 
requirement  not  considered.  If  RMAXND  = 3,  the  fuel  used  and 
time  required  for  descent  are  calculated  but  no  range  credit 
given  (i.e.,  spiral  descent  path). 
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SGTIND  - The  mission  profile  flown  by  the  aircraft  may  be  made 
up  o^ an  arbitrary  sequencing  of  nine  discrete  profile  seg- 
ments. The  segment  selected  is  specified  by  means  of  the  seg- 
ment indicator,  SGTIND.  The  segments  are;  taxi  (SGTIND  = 1), 
takeoff,  hover  and  landing  (SGTIND  = 2),  climb  (SGTIND  = 3), 
cruise  (SGTIND  = 4),  descent  (SGTIND  = 5)  loiter  (SGTIND  = 6), 
a change  of  fuel  weight  (SGTIND  = 7) , a change  of  payload 
weight  (SGTIND  = 8) , and  a transfer  of  altitude  (SGTIND  = 9) . 

By  appropriate  sequencing  of  the  input  values  for  the  segment 
indicator,  the  mission  profile  may  be.  made  up  of  any  arbitrary 
combination  of  these  nine  discrete  elements.  The  mission  is 
terminated  by  an  input  value  for  segment  indicator  = 0.  NOTE; 
Segments  1 through  6 can  be  used  for  reserve  fuel  calculations 
(gross  weight  reset  following  segment)  by  inputing  10  times 
SGTIND,  i.e.,  SGTIND  = 10,  20,  30,  40,  50,  or  60. 

TOLIND  - The  indicator  TOLIND  is  input  with  each  takeoff, 
hover , and  landing  segment  and  dictates  the  manner  in  which 
power  is  calculated.  If  TOLIND  =1,  the  user  inputs  required 
thrust-to-weight  ratio  and  vertical  rate  of  climb  (Vr/c) • If 
TOLIND  = 2 , the  user  inputs  required  fractions  of  maximum  power 
and  vertical  rate  of  climb  (T/W  ratio  is  computed) . Both 
TOLIND  = 1 and  2 options  are  calculated,  based  on  the  assump- 
tions of  hover-out-of-ground  effect.  If  TOLIND  = 3,  the  option 
is  the  same  as  1,  but  the  analysis  includes  hover-in-ground 
effect  factors.  If  TOLIND = 4 , the  option  is  the  same  as  2, 
but  the  analysis  includes  hover-in-ground  effect  factors . 

WGTIND  - The  change  fuel  and  change  payload  segments  may  be 
used  to  simulate  refueling,  unloading  or  loading  of  passengers, 
or  a fuel  drop.  There  is  no  restriction  on  the  cunount  of  fuel 
or  payload  which  may  be  removed  at  any  point  in  the  mission. 
However,  during  a sizing  run,  it  would  be  undesirable  to  in- 
crease the  aircraft  weight  (by  adding  fuel  or  payload)  to  a 
value  which  exceeds  the  initial  gross  weight  of  the  aircraft. 
This  is  because  the  design  gross  weight,  upon  which  the  sub- 
system weights  depend,  is  assumed  to  be  the  same  as  the  initial 
gross  weight  at  the  start  of  the  mission.  During  a performance 
run  (OPTIND  =2),  this  restriction  does  not  apply  and  the  user 
is  given  the  option  of  overloading  the  aircraft  at  any  point  of 
the  mission.  If  WGTIND  =0,  the  program  will  not  permit  the 
maximum  weight  to  exceed  the  design  gross  weight.  This  is  use- 
ful if  it  is  desired  to  refuel  to  capacity  at  some  point  in  the 
mission.  If  WGTIND  =1  (and  if  the  performance  option  is  being 
run) , the  program  will  permit  the  aircraft  weight  to  exceed  the 
design  gross  weight.  This  is  useful  for  parametric  performance 
studies.  For  excunple,  the  user  can  specify  an  array  of  SGTIND* 
7,  4,  0,  7,  4,  0,  7,  4,  0,  up  to  7,  4,  100.  When  this  is  done, 
the  program  will  calculate  the  performance  in  cruise  at  a series 
of  different  aircraft  weights.  The  "7"  segment  is  used  to  in- 
crement the  design  gross  weight  to  any  value  of  weight  desired 
for  the  following  cruise . 
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3.2.5  Flight  Path  Control  Indicators 

hppTlND  - By  inputting  hopTlND^l.O,  the  program  will  auto- 
matically determine  the  cruise  altitude  for  minimum  fuel  con- 
sumption for  any  cruise  which  is  preceded  by  a climb  or  a 
transfer  altitude.  For  cruise  segments  which  are  preceded  by 
a climb,  the  program  will  find  the  cruise  altitude  for  which 
the  sum  of  climb  fuel  and  cruise  fuel  is  minimized.  The  user 
can  also  specify  a maximum  permissible  altitude  for  each  cruise 
segment.  If  hoPT^ND  = 0 is  input,  the  program  will  not  do  an 
optimum  altitude  search  for  the  cruise  segments. 

3.2.6  Atmosphere  Indicator 

ATMIND  - The  atmosphere  for  each  individual  mission  profile 
segment  and  for  the  engine  sizing  calculations  may  be  either  a 
standard  or  nonstandard  atmosphere.  Thus,  the  climb  may  be  run 
on  a nonstandard  atmosphere  followed  by  a cruise  for  standard 
day  conditions.  Three  options,  one  for  standard  atmosphere, 
the  other  two  for  a nonstandard  atmosphere  are  available.  For 
the  performance  calculations,  the  type  of  atmosphere  to  be 
used  is  specified  to  the  program  by  means  of  the  atmosphere 
indicator,  ATMIND.  If  ATMIND  = 0,  the  program  will  use  a 
standard  atmosphere.  ATMIND  = 1 specifies  a nonstandard,  con- 
stant increment  in  temperature  above  standard  while  ATMIND  = 2 
specifies  a nonstandard  atmosphere  requiring  a tabular  input 
of  temperature  ratio  versus  altitude. 

3.2.7  Optional  Print  Indicator 

Two  different  forms  of  printout  are  available  for  the  mission 
performance  data.  By  setting  OPTIONAL  PRINT  INDICATOR  = 0,  a 
standard  printout  will  occur.  This  consists  of  time,  range, 
fuel  used,  aircraft  weight,  pressure  altitude,  true  airspeed, 
primary  engine  turbine  temperature,  an  engine  code  which 
specifies  the  condition  which  is  dictating  the  primary  engine 
operating  point,  and  a power  fraction  which  is  the  instanta- 
neous fraction  of  maximum  power  which  is  being  used.  These 
data  are  printed  for  all  performance  segments.  In  addition, 
depending  upon  which  segment  is  being  used,  the  standard 
printout  will  include  such  parcuneters  as  rate  of  climb, 
equivalent  airspeed,  specific  range,  flight  path  angle,  etc. 
More  detailed  data  may  be  obtained  by  setting  the  OPTIONAL 
PRINT  INDICATOR  = 1.0.  The  data  printed  will  then  include 
main  rotor  power  and  tip  speed,  tail  rotor  power  and  tip 
speed,  auxiliary  propulsion  power  and  propeller  tip  speed, 
primary  and  auxiliary  engine  fuel  flows,  etc.  The  printout 
available  from  the  program  is  described  in  more  detail  in 
Section  6.1.4. 
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3.3  PROGRAM  FLOW 

Figure  3-1  indicates,  conceptually,  the  operation  of  the 
progreun.  Program  flow  is  monitored  by  a general  control  loop 
which  controls  the  operation  of  a series  of  peripheral  pro- 
grams. These  include  eighteen  minor  subroutines,  four  major 
subroutines,  a major  subprogram,  and  a library  of  engine  cycle 
data,  and  rotor  "cycle"  data.  The  characteristics  of  these 
routines  are  summarized  in  Table  3-1. 
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Figure  3-1.  Sketch  of  Progreun  Geometry 
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TABLE  3-1.  SUMMARY  OF  SUBROUTINES 
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4J0  DETAILED  PROGRAM  DESCRIPTION 


4.1  IIAIN  CONTROL  LOOP 

Figure  4-1  is  a flow  chart  of  the  main  control  loop  for  the 
computer  program.  In  the  sizing  option  (OPTIND  = 1) , the 
program  iterates  on  the  aircraft  gross  weight  until  the  fuel 
available  and  the  fuel  required  are  equivalent  within  a speci- 
fied tolerance.  If  OPTIND  = 2 or  3,  the  program  bypasses  the 
size  trends,  engine  sizing,  and  weight  trends  subroutines.  If 
OPTIND  = 3,  the  progrcim  iterates  to  determine  the  takeoff 
weight  and  fuel  required  to  fly  a specified  mission. 

4.1.1  Input  Card  Setup 

The  first  five  columns  of  an  input  card  contains  information 
used  by  the  input  routine  LOADER.  A card  with  77777  punched 
in  the  first  five  columns  indicates  a title  card  follows.  The 
following  card  is  an  alpha-numeric  title  card  with  information 
in  columns  seven  through-  seventy -eight  as  shown  on  the  input 
sheets  in  the  User's  Manual.  All  input  data  are  assigned  a 
unique  location  in  the  input  data  file.  This  is  indicated  by 
the  location  number  of  each  variable  on  the  input  sheets  in  the 
User's  Manual.  Up  to  five  variables  may  be  input  on  a card. 
Columns  1 through  4 contain  the  location  number  of  the  first 
variable  on  the  card  and  coltimn  five  the  number  of  variables 
on  the  card.  A card  with  88888  punched  in  the  first  five 
columns  indicates  the  end  of  data  for  that  case  and  starts 
program  execution.  A card  with  99999  in  the  first  five  columns 
indicates  the  end  of  the  run  and  causes  program  termination. 
Cases  can  be  stacked  in  the  following  manner. 


77777 

Card 

Title  Card 

Data  Cards 

88888 

Card 

77777 

Card 

Title  Card 

New  Data  Cards 

88888 

Card 

99999 

Card 
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Figure  4-1. 


Main  Control  Loop  (MAIN)  Flow  Chart 
(Part  1 of  13) . 
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Figure  4-1.  Main  Control  Loop  (MAIM)  Flow  Chart 
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Figure  4-1.  Main  Control  Loop  (MAIN)  Flow  Chart 
(Part  4 of  13) . 
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Figure  4-1.  Main  Control  Loop  (MAIN)  Flow  Chart 
(Part  5 of  13) . 
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Main  Control  Loop  (MAIM)  Flow  Chart 
(Part  6 of  13)  . 
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Main  Control  Loop  (MAIN)  Flow  Chart 
(Part  7 of  13)  . 
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Figure  4-1.  Main  Control  Loop  (MAIN)  Flow  Chart 
(Part  8 of  13) . 
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Figure  4-1.  Main  Control  Loop  (MAIN)  Plow  Chart 
(Part  9 of  13) . 
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Figure  4-1.  Main  Control  Loop  (MAIN)  Flow  Chart 
(Part  10  of  13)  . 
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4.2  ATMOSPHERE  SUBROUTINE 

The  atmosphere  subroutine  will  calculate  the  atmospheric 
density,  pressure,  and  temperature  as  a function  of  altitude. 
Three  options  included  below  are  available.  These  are  speci> 
fied  by  means  of  an  input  indicator,  ATMIND,  which  is  input 
individually  for  the  performance  data  and  the  engine  sizing 
data.  Thus,  the  atmosphere  can  be  calculated  differently  for 
each  segment  of  the  flight  profile  and  for  the  engine  sizing. 

The  options  are: 

ATMIND  » 0:  Standard  atmosphere 

ATMIND  « 1:  Constant  increment  in  temperature  above  standard 
temperature 

ATMIND  « 2:  Nonstandard  temperature  distribution  as  a function 
of  altitude 

The  flow  chart  for  the  atmosphere  subroutine  is  shown  in 
Figure  4-2. 
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Figure  4-2.  Atmosphere  Subroutine,  Flow  Chart 
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4 . 3 DRAG  CALCULATIONS  SUBROUTINE 


The  drag  calculations  subroutine  uses  the  factors  as  through 
ag,  as  determined  by  the  aerodynamics  calculations  subroutine 
to  calculate  the  total  drag  of  the  helicopter.  Besides  para- 
site drag,  in  the  case  of  compound  or  winged  helicopters, 
total  drag  includes  wing  induced  drag  and  rotor/wing  inter- 
ference drag,  the  latter  being  calculated  using  a simplified 
Prandtl  Bi-Plane  Theory  approach.  The  total  helicopter  pro- 
pulsive thrust  coefficient  (Cx)  is  calculated  as  a function  of 
forward  flight  helicopter  advance  ratio  (y) . The  subroutine 
flow  chart  is  shown  in  Figure  4-3. 


4.4  ENGINE  LIBRARY  AND  ENGINE  CYCLE  SUBROUTINES 

The  basic  cycle  performance  data  consists  of  tabulated  values 
of  four  variables;  thrust  (power),  fuel  flow,  gas  generator 
shaft  rpm,  and  power  turbine  shaft  rpm.  For  the  primary 
engine  cycles,  these  tables  are  functions  of  Mach  number  and 
turbine  inlet  temperature.  For  lift  engine  cycles,  the  tables 
are  functions  only  of  turbine  inlet  temperature.  All  data  are 
in  referred,  normalized  format  as  shown  in  Table  4-1. 


TABLE  4-1 

ENGINE  CYCLE  DATA  FORMAT 


VARIABLE 


Thrust 


Power 


SYMBOL 


Gas  Generator  rpm 
Power  Turbine  rpm 


Fuel  Flow 


Turbine  Inlet 
Temperature 

Where; 


REFERRED,  NORMALIZED  FORM 

^n/«^n 

SHP/6 /©SHP* 

Nj//0N* 

Nii//0N*i 

Wf/5/0P* 

Wj/6/0SHP* 


Max.  Power  Setting,  Static,  Sea 
Level,  Standard  Day 

Ambient  Temperature  ("R)  Divided 
by  518.69*R 

Ambient  Pressure  (psia)  Divided 
by  14.696  psia 


The  standard  engine  cycle  library  consists  of  forty-five  dif- 
ferent generalized  engine  cycles  shown  in  Table  4-2.  The  data 
for  each  cycle  is  punched  in  card  form,  accessible  for  input 
with  the  remainder  of  the  input  data  for  a given  case.  Each 
cycle  is  numbered;  and,  to  guard  against  selection  of  an  in- 
correct cycle,  the  cycle  number  is  checked  against  a similar 
number  input  to  the  progreun  by  the  user. 
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Auxiliary  Independent  Propulsion 


TABLE  4-2 


HESCOMP  ENGINE  LIBRARY 


Engine 

Cycle 

Number 

Maximum 
Turbine 
Inlet 
Tempera- 
ture - OR 

Compressor 

Design 

Pressure 

Ratio 

Fan 

Bypass 

Ratio 

1 

2600 

13 

2 

2600 

16 

3 

2900 

13 

Turbo shaft 

4 

29  00 

16 

Engines 

5 

2900 

19 

6 

3200 

13 

7 

3200 

16 

8 

3200 

19 

9 

3200 

22 

10 

2600 

13 

11 

2600 

16 

12 

2900 

13 

13 

2900 

16 

Turbojet  Engines 

14 

2900 

19 

15 

3200 

13 

16 

3200 

16 

17 

3200 

19 

18 

3200 

22 

19,20,21 

2600 

16 

2,4,6 

22,23,24 

2600 

20 

2,4,6 

25,26,27 

2900 

16 

2,4,6 

28,29,30 

2900 

20 

2,4,6 

Turbo fan 

31,32,33 

2900 

24 

2,4,6 

Engines 

34,35,36 

3200 

16 

2,4,6 

37,38,39 

3200 

20 

2,4,6 

40,41,42 

3200 

24 

2,4,6 

43,44,45 

3200 

28 

2,4,6 

T 
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The  fuel  flow  of  the  basic  engine  cycle  should  correspond  to 
the  manufacturer's  specification  data.  Adjustments  to  the 
fuel  flow  level  may  be  made  by  means  of  the  input  multiplier, 

Kpp  • 

Because  of  the  normalized,  referred  format,  all  data  are  valid 
for  any  ambient  temperature,  standard  or  nonstandard.  With 
the  exception  of  referred  power,  none  of  the  tables  are  depen- 
dent upon  power  turbine  speed.  By  setting  N2IND  = 2,  turbo- 
shaft engine  power  at  nonoptimum  Nji  will  be  calculated  by  the 
progreun  by  multiplying  power  at  optimum  Nn  by  a correction 
factor,  Kpfj,  which  is  a function  of  Nn/Nji  oPT*  The  factor 
Kpjj  is  normally  calculated  by  the  progreim  and  obeys  a second- 
order  relationship; 


Nii/t. 


II  opt 


Most,  but  not  all,  turboshaft  engines  will  obey  this  relation- 
ship. For  engine  cycles  whose  performance  is  not  properly 
represented  by  the  above  curve,  the  user  may  input  a table  of 
KpN  versus  Nji/Nu  oPT'  The  program  user  inputs  Nji/Nu 
for  each  flight  segment  and  Nu  max/nJi  the  engine  cycle. 
The  program  uses  this  information  to  establish  the  value  of 
Nii/Njj  OPT  fot  each  point  of  flight. 


By  setting  N2IND  = 0 or  1,  the  program  will  assume  that  the 
power  turbine  is  always  operating  at  optimum  speed  and  no  cor- 
rection will  be  applied.  N2IND  = 0 will  simulate  an  engine 
cycle  which  is  operating  at  optimum  Njj  and  for  which  no  upper 
limit  has  been  placed  on  Nij.  For  many  applications,  this 
option  will  be  perfectly  adequate  for  preliminary  sizing 
studies.  The  adequacy  of  this  assumption  can  be  determined  by 
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1.  It  may  be  desirable;  e.g.  as  in  the  case  of  a slowed-rotor 
compound  helicopter,  to  reduce  the  main  rotor  rpm  in 
cruise  flight. 

2.  For  some  applications  this  may,  in  turn,  force  the  engine 
to  operate  at  a very  inefficient  Nij.  In  general,  the 
optimum  Nu  increases  as  output  power  increases  relative 
to  the  maximum  level. 

N2IND  = 1 will  simulate  operation  of  an  engine  cycle  at 
optimum  Nn,  but  with  the  restriction  of  a maximum  value  for 
Nil.  This  type  of  operation  is  characteristic  of  airplanes 
employing  fixed  pitch  propellers.  Care  should  be  taken  in 
using  this  option  because  it  may  lead  to  a significant  reduc- 
tion in  power  available  as  shown  by  the  sketch  below: 


A 


B 


HORSEPOWER 


LOCUS  OF 
OPTIMUM  Njj 


Point  of  operation 
for  aircraft  flying  at 
optimum  Nn,  limited 
by  Nil  MAX-  (N2IND  = 1) 


Point  of  operation  for 
aircraft  flying  at  non- 
optimum Nil,  limited  by 
same  Nn  max-  (N2IND  < 2) 


Limitations  on  engine  cycle  operation  may  be  input  to  the 
program  on  any  combination  of  the  following:  fuel  flow, 
torque,  gas  generator  speed,  gas  generator  referred  rpm,  or 
output  shaft  speed.  Engine  ratings  (power  settings)  are  dic- 
tated by  turbine  temperature.  Five  discrete  values  of  that 
parameter  are  input  for  the  primary  engine  cycles,  one  for 
each  of  the  following  power  settings:  maximum,  military, 
normal,  flight  idle,  and  ground  idle. 

The  program  will  print  out,  during  the  mission,  the  value  of 
turbine  temperature  and  a code  that  designates  which  condition 
is  governing  the  engine  performance  at  that  point:  power  or 
thrust  required,  turbine  temperature,  torque  limit,  Nj  limit, 
referred  Nj  limit,  Nn  limit,  or  fuel  flow  limit. 


4-22 


Manufacturer's  data  on  some  engines  show  significant  varia- 
tions in  both  referred  power  (shp/6/0)  and  lapse  rate  with 
respect  to  changes  in  altitude.  These  variations  are  due  to 
Reynolds'  number  effects.  It  has  been  found  that  these 
effects  can  be  accounted  for  by  means  of  a multiplicative 
factor  on  power  available  which  is  a function  of  the  Reynolds 
number  based  on  compressor  inlet  conditions,  compressor  blade 
geometry,  and  tip  speed.  Figure  4-4  shows  a typical  curve  for 
a real  engine.  The  correction  factor  Kp|^  is  input  to  the  pro- 
gram as  a function  of  the  Reynolds'  pareuneter 


I D 


The  tabular  input  of  power,  fuel  flow,  Nj,  and  Nu  for  engines 
which  require  Reynolds  number  corrections  should  be  input  to 
the  progrcim  at  a nominal  fixed  value  of  the  Reynolds  number 
parameter.  The  KpR  correction  factor  will  then  give  the  power 
at  other  values  of  the  Reynolds  number  pareimeter.  In  the  ex- 
ample shown  in  Figure  4-4,  the  nominal  value  of  the  parameter 
was  chosen  as  9000  seconds/foot. 

The  referred  Nj  limit  is  a constraint  on  the  value  of 
where  6i  is  the  temperature  ratio  at  the  compressor  face. 

This  limit  simulates  a restriction  on  compressor  speed.  The 
user  inputs  a maximum  value  of  Nj/Nj/O^ 

The  engine  dry  weight  and  dimensions  are  calculated  by  means 
of  the  input  parameters  k3,  k3^,  k4,  k4^,  C4  and  ^4^: 


f weight  (lb)  = k3  + k4 

^ rSHP*1  1/- 

diameter  (ft)  = ^4 


Np  = number  of  primary  engines 


SHP*. 


weight  (lb)  = ko  — + k4  or  k3  -r^ + k^ 

Jl  Np  ‘‘i  Np  * 


Auxiliary  I 

Independent  ^ diameter  (ft)  = C4 
Engines  / - 


bil 


1/2  SHP*^‘T1/2 


Np^  = number  of  independent  auxiliary  engines 
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It  should  be  noted  that  avixiliary  independent  engine  input 
data  can  be  created  from  the  engine  cycle  library  data  simply 
by  the  input  of  the  applicable  engine  cycle  IBM  card  deck, 
preceded  and  followed  by  a "66666"  card.  Nonstandard  auxil- 
iary independent  engine  performance  is  input  using  the  sheet 
provided  for  that  purpose. 

Figures  4-5  through  4-12  are  flow  charts  of  the  engine  cycle 
subroutines.  The  purpose  of  these  subroutines  is  described 
in  Table  3-1  in  Section  3-0  of  this  document. 


I 

I 
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Figure  4-7.  POWAVI  Subroutine  Flow  Chart  (Part  1 of  7) 


Figure  4-7.  POWAVI  Subroutine  Plow  Chart  (Part  2 of  7) 


Figure  4 


-7.  POWAVI  Subroutine  Flow  Chart  (Part  3 of  7) 
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Figure  4-7.  POWAVI  Subroutine  Flow  Chart  (Part  5 of  7) . 
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Figure  4-7.  POWAVI  Subroutine  Flow  Chart 


Figure  4-7.  POWAVI  Subroutine  Flow  Chart  (Part  7 of  7) 
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Figure  4-8.  POWRQI  Subroutine  Flow  Chart  (Part  1 of  2) 


Figure  4-8.  POWRQI  Sxibroutine  Plow  Chart  (Part  2 of  2) 
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Figure  4-9.  THRAVL  Siibroutine  Plow  Chart  (Part  1 of  3) 


THRAVL  Subroutine  Flow  Chart 


suwfluiiiie  Ewcw  nfa.flHi 


Figure  4-12.  ENG  1 I Subroutine  Plow  Chart  (Part  1 of  2) 
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Figure  4-12.  ENG  1 I Subroutine  Flow  Chart  (Part  2 of  2) 


4.5  ROTOR  PERFORMANCE  SUBROUTINE 

I ~ - — 

Three  options  are  available  to  the  user  for  calculating  rotor 
performance.  These  are  specified  by  the  indicator  ROTIND 
as  follows: 

ROTIND 

1 Rotor  performance  calculated  by  the 
"short  form  aero"  rotor  performance 
methodology 

2 Rotor  map  is  input,  corrections  are 
applied 

I 3 Rotor  map  is  input,  no  corrections  are 

applied 

4 Rotor  map  (L/Dg)  is  input,  corrections  are 

applied 

The  first  option  (ROTIND  = 1) , using  the  short  form  aero 
methdology,  allows  the  user  to  calculate  rotor  performance  for 
a wide  range  of  rotors  with  a minimtim  amount  of  input.  The 
user  is  required  to  input  a rotor  cycle  (a  list  of  currently 
available  cycles  is  illustrated  in  Table  2-4)  and  such  blade 
characteristics  as  blade  number,  twist,  and  cutout.  In  the 
case  of  a single  rotor  helicopter,  tail  rotor  blade  character- 
istics must  also  be  input.  The  short  form  aero  methodology, 
developed  at  Boeing  (References  2,  3,  and  4) , combines  momen- 
tum theory  and  empirical  corrections  through  coefficients 
. found  in  the  rotor  cycles.  The  data  used  in  this  approach  has 

' been  derived  and  correlated  for  rotors  operating  within  the 

I following  parametric  ranges; 

Blade  Number  = 2-6 

Blade  Twist  = 0 - -15“ 

Blade  Root  Cutout  = 0.20R 

Rotor  Solidity  = 0.055  - 0.150 

Rotor  Advance 

Ratio  (p)  = 0-0.4 

No  appreciable  loss  in  accuracy  is  likely  for  cases  involving 
more  than  six  blades,  less  than  20  percent  root  cutout  or  a 
solidity  lower  than  0.055.  The  level  of  confidence  will  be 
reduced,  however,  for  those  cases  in  which  the  rotor  param- 
eters greatly  exceed  the  remges  shown  above.  Figure  4-13 
illustrates  a typical  comparison  of  short  form  aero  predicted 
performance  and  flight  test  data. 
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Figure  4-13.  COMPARISON  OF  "SHORT  FORM  AERO"  ROTOR 
PERFORMANCE  AND  FLIGHT  TEST  DATA 
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The  second  option  (ROTIND  = 2)  utilizes  isolated  rotor  data 
(Type  I rotor  map)  derived  for  a specified  rotor  configuration, 
but  corrected  by  the  program  for  the  specific  rotor  and  heli- 
copter configuration  being  analyzed.  It  should  be  noted  that 
this  option,  in  the  case  of  the  single  rotor  helicopter,  uti- 
lizes the  short  form  aero  methodology  for  calculating  tail 
rotor  power.  Thus,  the  same  tail  rotor  blade  information  re- 
quired in  the  first  option  must  be  input. 

Option  three  (ROTIND  = 3,  Type  I rotor  map)  uses  total  config- 
uration rotor  data;  that  is,  in  the  case  of  a single  rotor 
helicopter,  this  would  include  both  main  and  tail  rotor  power 
and  applies  no  corrections  to  the  data.  Input  locations  2700- 
3410  are  provided  for  the  input  of  Type  I rotor  maps.  Values 
of  Cp/a  input  as  functions  of  up  to  ten  values  of  Ct/o  at  up 
to  SIX  values  of  Mtip  can  be  used  for  hover  performance;  and 
cruise  Cp/a  values  can  be  input  as  functions  of  up  to  ten 
values  of  Ct'/o  and  ten  values  of  Cx/o  at  up  to  six  values  of 
y . 

Option  four  (ROTIND.  = 4)  utilizes  Type  II  rotor  map  data  in 
the  same  manner  as  the  second  option  (ROTIND  = 2) . Input 
locations  3420-4130  are  provided  for  the  input  of  Type  II  rotor 
maps.  Values  of  F.M.  input  as  functions  of  up  to  ten  values 
of  C.p/0  at  up  to  six  values  of  Mtip  can  be  used  for  hover  per- 
formance; and  cruise  L/De  values  can  be  input  as  functions  of 
up  to  ten  values  of  Ct'/o  and  six  values  of  X/L  at  up  to  six 
values  of  y . 

Care  must  be  exercised  in  the  preparation  of  input  data  for 
both  Type  I and  II  rotor  maps.  The  performance  subroutines 
employ  search  procedures  which  require  input  data  to  be  speci- 
fied considerably  above  and  below  the  final  operating  point  of 
a configuration.  Therefore,  "map"  data  should  be  provided 
over  a wide  range  on  either  side  of  expected  operating  points. 

For  the  calculation  of  vertical  climb  power,  the  subroutine 
uses  the  simple  potential  energy  relationship: 

RHP^^j,  ^ W (VrC) 

33000 

The  vertical  climb  efficiency  factors  (Vpp„  and  V^_„  ) can  be 
derived  from  flight  test  data.  ”l  ^“"2 


f 

f 
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The  quantity  ALPHA  D/L  printed  out  in  all  forward  flight 
performance  segments  reflects  the  propulsive  thrust-lift 
vector  of  the  main  rotor.  The  simple  sketch  below  illustrates 
the  sign  convention  employed. 


The  flow  chart  for  this  subroutine  is  illustrated  by  Figure  4-14 
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Figure  4-14.  ROTPOW  Subroutine  Flow  Chart  (Part  6 of  16 ) 


Figure  4-14 . ROTPOW  Subroutine  Plov  Chart  (P6u:t*  8 of  16  ) • 


Figure  4-14.  ROTPOW  Subroutine  Flow  Chart  (Part  9 of  16 ) 
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Figure  4-14.  ROTPOW  Subroutine  Flow  Chart  (Part  10  of  16) 
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Figure  4-14.  ROTPOW  Subroutine  Flow  Chart  (Part  11  of  16). 
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Figure  4-14.  ROTPOW  Subroutine  Flow  Chart  (Part  14  of  16) 
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Figure  4-14.  ROTPOW  Subroutine  Flow  Chart  (Part  16  of  16) 
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ROTOR  LIMITS  SUBROUTINE 


The  rotor  limits  subroutine  compares  the  main  rotor  operating 

values  of  y,  and  Cr^' /a  to  those  input  in  the  rotor  limits 

information  tcible  (LOG  0347-0395)  . In  the  takeoff,  hover,  and 
landing  subroutine,  if  the  main  rotor  operating  value  of  Cr^’ /o 
exceeds  the  t€ble  value,  the  following  statement  is  printed 
out: 


WARNING:  ROTOR  LIMIT  HAS  BEEN  EXCEEDED.  EITHER 

REDUCE  MAIN  ROTOR  THRUST  REQUIREMENTS  AT 
THESE  OPERATING  CONDITIONS,  OR  INCREASE 
MAIN  ROTOR  TIP  SPEED.  CHECK  ALL  VALUES 

OF  Ct/sigma  in  this  performance  leg. 

In  the  climb,  cruise,  descent,  and  loiter  subroutines,  if  the 

CXr 

main  rotor  operating  value  of  Ct'/o  for  a given  and  y ex- 

ceeds the  table  value,  cruise  speed  is  reduced  until  the 
operating  emd  table  values  of  Cip'/o  coincide  and  the  following 
message  is  printed  out: 

WARNING:  ROTOR  LIMIT  HAS  BEEN  EXCEEDED.  FORWARD 

FLIGHT  SPEED  HAS  BEEN  REDUCED  ACCORDINGLY. 

CHECK  ALL  VALUES  OF  TAS , MU,  Ct'/O/  AND 
CXR  IN  THIS  PERFORMANCE  LEG. 

Section  7.3  provides  a more  detailed  discussion  of  Rotor 
Limits.  Figure  4-15  is  a flow  chart  of  this  subroutine. 


Figure 


-15.  ROTLIM  Subroutine  Flow  Chart  (Part  2 of  2) . 
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4.7  PROPELLER  PERFORMANCE  CALCULATIONS 

Three  different  options  are  available  for  representing  the 
performance  of  propellers  when  using  turboshaft  engines 
(ENGINE  = 0) . The  option  to  be  used  is  specified  to  the  pro- 
gram by  means  of  a prop  efficiency  indicator  - "ripIND" . 

ripIND  = 0 - The  user  inputs  a set  of  point  values  for  the  prop 

efficiency  for  the  performance  segments  of  climb  and  descent 
and  a table  of  efficiency  as  a function  of  flight  Mach  number 
for  cruise  and  loiter.  The  following  input  is  required: 

rip3  - A single  point  value  is  input  for  the  prop 
efficiency  during  climb  (SGTIND  = 3) . 

np4  - A table  is  input  of  prop  efficiency  during  cruise 
(SGTIND  = 4)  and  Loiter  (SGTIND  =6)  as  a function 
of  flight  Mach  number. 

rip5  - A single  point  value  is  input  representing  the  prop 
efficiency  during  Descent  (SGTIND  = 5) . 

The  primary  advantage  of  this  option  of  propeller  performance 
representation  is  that  it  permits  rapid  evaluation  of  the 
sensitivity  of  aircraft  performance  and  size  to  changes  in 
propeller  performance.  It  may  also  prove  desirable  to  use 
this  option  in  early  conceptual  studies  when  a specific  prop 
has  not  been  picked  and  it  is  desired  to  use  "reasonable" 
values  of  efficiency. 

ripIND  = 1 - This  option  permits  the  user  to  input  a table 

representing  the  performance  of  the  propeller  throughout  the 
flight  envelope  with  the  exception  of  DESCENT  (SGTIND  = 5)  for 
which  a value  of  rips  is  input  as  before.  For  all  other  per- 
formance segments  the  table,  input  in  the  format  of  Cp  (prop 
power  coefficient)  as  a function  of  (prop  thrust  coeffi- 
cient) and  J (advance  ratio) , is  used.  The  table  which  is 
prepared  must  include  all  compressibility  losses  for  the  known 
tip  speed  at  which  the  propeller  is  intended  to  operate.  The 
user  is  cautioned  that  the  tabular  values  must  be  monotonic. 
That  is,  the  table  cannot  include  the  maximum  in  Ct  which  re- 
flects blade  stall  at  high  values  of  Cp.  This  must  be  faired 
out  as  shown  in  the  sketch  at  tlie  top  of  the  next  page. 


I 


FAIRED  CURVES  ARE 
INPUT  TO  PROGRAM 


DESIRED  TABLE 
BOUNDARY 


The  advantage  of  this  option  is  that  it  permits  the  user  to 
input  the  performance  of  a real  propeller  as  determined  from 
test  data. 

HpIND  = 2 - Through  use  of  this  option  the  program  will  auto- 
matically calculate  the  performance  of  a wide  variety  of  V/STOL 
propellers.  The  user  need  only  specify  the  number  of  blades 
(3  or  4),  the  activity  factor  per  blade,  and  the  integrated 
lift  coefficient,  The  method  used  for  the  calculation  of 

propeller  performance  is  the  "short  method"  originated  at  the 
Curtiss-Wright  Corporation's  Propeller  Division  (Reference  10). 
The  method  involves  the  use  of  a set  of  equations  which  can  be 
developed  from  strip  theory.  These  equations  permit  the  pro- 
peller performance  maps  (Cp,  Cij,  J)  to  be  transformed  into  an 
"equivalent"  lift-drag  polar  for  the  propeller.  Conversely, 
the  lift-drag  polars,  once  developed,  can  be  used  with  the 
equations  to  predict  the  propeller  performance.  For  incom- 
pressible flow,  the  "equivalent"  lift-drag  polar  which  is  used 
depends  only  on  the  value  of  Cl-  being  considered.  That  is, 
for  a given  Cl-  the  same  polar  can  be  used  to  accurately  repre- 
sent the  performance  of  props  with  a wide  variation  in  activ- 
ity factor  and  number  of  blades  and  for  a wide  range  of  Cp  and 
J.  For  compressible  flow  conditions,  the  curves  correlate 
very  well  on  the  basis  of  the  value  of  helical  Mach  number  at 
the  3/4  radial  station.  The  equivalent  lift-drag  polars  which 
are  contained  in  the  program  were  developed  from  detailed 
strip  analysis  calculations  for  cruise  These  detailed  calcula 
tions  covered  the  following  range  of  parameters: 


Number  of  blades: 

Activity  factor/blade: 

Integrated  lift  coefficient,  Cl^^: 


3 and  4 
60  -*■  220 
0.15  0.7 
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Although  the  user  is  permitted  to  input  values  of  activity 
factor  and  greater  than  (or  less  than)  those  shown  above, 
the  level  of  confidence  in  the  predictions  is  reduced  when 
values  for  those  parameters  are  outside  the  range  used  in  the 
detailed  calculations. 

Figure  4-16  is  characteristic  of  the  level  of  accuracy  ob- 
tained from  the  short  method  when  compared  to  the  detailed 
calculations . 

This  option  will  calculate  the  propeller  performance  for  all 
mission  performance  segments  except  Descent  (SGTIND  - 5) . For 
Descent,  the  user  inputs  a value  for  nps*  Figure  4-17  is  a 
flow  chart  of  subroutine  THRUST  which  calculates  the  propeller 
thrust  available  for  known  values  of  power  and  flight  speed. 
Figures  4-18  emd  4-19  are  flow  charts  for  subroutines  POWER 
and  POWERI  in  which  the  power  required  for  specified  thrust 
and  flight  speed  is  calculated.  These  subroutines  make  use  of 
propeller  equivalent  lift-drag  polars,  as  mentioned  above,  to 
calculate  the  performance  of  the  propeller.  The  polars  are 
developed  in  the  main  control  loop  for  the  particular  value  of 
integrated  lift  coefficient,  being  studied  from  the 

following  equations: 

Y = tan“^  (Cd/Cl)  = function  of  Mh,  Cl,  Cl^ 

» helical  Mach  number  @ 3/4  r/R 

Cl  = equivalent  lift  coefficient  at  which  prop  is 
operating 

CLj^  “ integrated  lift  coefficient  of  prop 
For  cruise 

Y « a©  + aiCLi  + 

^1'  ^2  coefficients  stored  in  the  progr£un 

and  are  functions  of  Mh  and  Cl 

The  coefficients  Sq,  ai,  a2,  are  listed  in  Table  4-3. 

The  calculations  of  propeller  performance  for  npIND  1 and  2 
are  based  on  the  assumption  that  the  engines  are  inter- 
connected by  a cross  shaft.  That  is,  if  engines  are  shut 
down  during  cruise  and  loiter  the  remaining  power  is  evenly 
distributed  to  all  of  the  propellers. 


I I 

I ^ I 

I .1 

i ii 


EFFICIENCY 


n % 


EFFICIENCY 


n % 


EFFICIENCY 


ms 


Cp  =-  0.4 


Cp  » 0.6 


=k 


Cp  - 0.2 


/ 


AF  « 60 


AF  > 140 


AF  - 220 


4 ADVANCE  RATIO,  J 


0—0 — o-  AF  - 60 

^ AF  = 140 

\ 

' AF  = 220 


4 ADVANCE  RATIO,  J 


□ AF  - 140 
AF  - 220 

NOTE:  SYMBOLS  ARE  FROM 
DETAILED  STRIP 
CALCULATIONS . 
SOLID  LINES  ARE 
PREDICTIONS  USING 
"SHORT  METHOD". 

3 BLADES,  Cj,^  - 0.5 


V ^ J « ADVANCE  RATIO,  J 

Figure  4-16.  Comparison  of  "Short  Method"  and  Detailed 

Calculations  for  Propeller  Cruise  Efficiency. 
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Lgure  4-17.  THRUST  Subroutine  Flow  Chart  (Part  3 of  4) 
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Figure  4-17.  THRUST  Subroutine  Flow  Chart  (Part  4 of  4) 
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4.8  SIZE  TRENDS  SUBROUTINE 


The  size  trends  subroutine  calculates  the  trends  of  the  air- 
craft geometric  dimensions  as  the  weight  of  the  aircraft 
changes  throughout  the  iterative  sizing  loop.  Figure  4-22 
displays  a flow  chart  showing  the  options  available  within 
the  size  trends  subroutine. 


The  first  of  these  is  the  option  which  determines  main  rotor 
diameter  and  solidity.  It  is  possible  to  input  diameter  and 
solidity  directly,  or  combinations  of  disc  loading,  design 
Ct/o,  diameter,  and  solidity.  The  following  choices,  speci- 
fied by  the  main  rotor  sizing  indicator,  RDMIND,  are  available; 


RDMIND 


INPUT 


1 

2 

3 

4 


Diameter  and  solidity 
Disc  loading  and  solidity 
Diameter  and  C^/a 
Disc  loading  and  Ct/ct 


If  main  rotor  solidity  is  calculated,  the  program  will  choose 
the  solidity  satisfying  the  most  critical  of  the  three  groups 
of  requirements  specified  by  input  locations  0182  - 0190. 
These  solidity  sizing  requirements  are: 


(a) 

(b) 


Solidity  sized  for  hover  conditions  (Input  (Cx/a)H/  T/W) 


Solidity  sized  for  maneuver  conditions  (Input  cruise 
speed,  atmospheric  conditions,  maneuver  Ct/o,  and  rotor 
g loading) 


(c) 


Solidity  sized  for  cruise  conditions  (Input  cruise  speed, 
atmospheric  conditions,  cruise  Cm/c,  and  rotor  loading 
(N)  ) 


If  so  desired,  the  user  may  dictate  which  of  these  solidity 
choices  the  program  makes  simply  by  manipulating  the  inputs. 
For  example : 


If  the  solidity 
sizing  choice 
desired  is : 


Then  input ; 


Hover 


Desired  value  for  (CT/a)H,  (Cx/a)^^ 
1.0,  gROTOR  “ .001,  N (Rotor  Loading) 
0.1 
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PilfTiWip" 


Maneuver  (CT/a)H  = 1*0,  Desired  values  for 

(CT/a)cR  and  gpoTOR'  N (Rotor  Loading)  = 

0.1 

Cruise  (C^/a){|  - 1.0,  Desired  value  of 

(CT/cf)CR,gROTOR  = 0.001,  Desired  value 
of  N (Rotor  Loading) 

As  noted  earlier,  two  basic  types,  the  single  and  tandem  rotor 
helicopter,  can  be  sized  using  this  program.  The  following 
(beginning  with  the  single  rotor  helicopter)  provides  a brief 
description  of  the  options  available  to  the  user. 

Tail  rotor  dieuneter  may  be  input  directly,  or  calculated.  The 
choices  open  to  the  user  are : 

TRDIND 

1 Tail  rotor  diameter  calculated  using  a 
trend 

2 Tail  rotor  dicuneter  input  directly 

3 Tail  rotor  diaimeter  calculated  based  on  an 
input  tail  rotor  disc  loading 

The  tail  rotor  diameter  trend  used  when  TRDIND  = 1 is  illus- 
trated in  Figure  4-20  (see  also  Reference  6) . The  tail  rotor 
disc  loading  input  when  TRDIND  = 3 does  not  include  vertical 
fin  sideload  losses. 

Tail  rotor  solidity  may  be  input  directly  or  calculated.  If 
calculated  (TRDIND  « 2) , the  tail  rotor  solidity  is  determined 
by  either  hover-antitorque  requirements  or  hovering-turn  re- 
quirements (including  tail  rotor  precession  effects,  see _ 
References, ,5  and  6)  . The  former  is  obtained  by  setting  rp  (yaw 
rate)  and  ij)  (yaw  acceleration)  equal  to  zero. 

Yaw  moment  inertia  (Izz)  required  in  calculating  the  tail 
rotor  solidity  for  tdie  single  rotor  helicopter  in  a hovering 
turn.  The  following  equation  is  included  in  the  size  trends 
subroutine  to  determine  the  aircraft  yaw  inertia. 

Where  Igz  = Yaw  moment  of  inertia,  slug  ft^ 

W = Aircraft  design  gross  weight,  lb 
Kzzz  “ Inertia  adjusting  factor  (nominally  = 1.0) 
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MAIN  ROTOR  DISC  LOADING,  LB/FT‘ 


Figure  4-20.  Tail  Rotor  Diauneter  Sizing  Trend 


e = The  combined  sum  of  the  study  aircraft  fuselage 
length  and  the  caibin  length  measured  from  the 
nose  of  the  aircraft  to  the  end  of  the  cabin. 

0.115  = Trend  constant  for  determining  the  single  rotor 
helicopter  yaw  moments  of  inertia. 

To  modify  the  equation  inertia  value,  enter  a fractional  input 
in  the  Kzzz  block  (LOG  0213)  (entering  1.1  will  increase  the 
0.115  constant  by  10  percent,  entering  0.9  will  decrease  it 
by  10  percent,  etc.) 

It  should  be  noted  that  the  tail  rotor  gross/net  thrust  ratio 
(Ctq/Ctjj£q,)  may  either  be  input  directly  or  calculated.  In 
the  latter  instance,  is  set  equ»l  to  1.00  and  a 

value  of  the  induced  velocity  ratio  (C)  is  input.  Figure  4-21 
illustrates  typical  values  of  C for  both  tractor  and  pusher 
tail  rotor  (see  sketch  below) . 


THRUST 


INDUCED 


THRUST 


INDUCED 


Tractor  Tail  Rotor 


Pusher  Tail  Rotor 


Note  the  difference  in  variations  of  C for  the  two  different 
configurations.  At  low  tail  fin/ rotor  separation  distances, 
the  "tractor"  values  of  C are  sensitive  to  variations  in  tail 
rotor  Oj>.  Thus,  the  closer  the  tractor  tail  rotor  is  located 
to  the  fin,  the  larger  the  error  (admittedly  small  to  begin 
with)  involved  in  calculating  C^q/Ctn,  since  the  user  must 
^guess"  what  tail  rotor  C^  to  use  in  selecting  C.  The  "pusher" 
C on  the  other  hand  is  a function  only  of  the  fin/tail  rotor 
separation  distance. 

In  any  event,  use  of  this  option  is  desirable  in  that  tail 
rotor/fin  sideload  losses  are  matched  to  the  vertical  tail 
area  calculated  in  the  sizing  process.  Detailed  explanations 
of  all  the  factors  involved  in  tail  rotor  design  and  sizing 
are  contained  in  References  5 and  6. 

4-87 


Representation  of  a single  rotor  helicopter  utilizing  a 
"Fenestron"  or  shrouded  tall  rotor/fan  Is  provided  by  the  use 
of  inputs  Dtre/DfAN  (LOC  0282)  , FANOPh  (LOG  0283)  , and  FANOPc 
(LOG  0284) . 

Such  shrouded  tail  rotor/fans  can  provide  the  same  thrust  as 
a larger  diameter  unshrouded  rotor  for  a given  power  input. 
This  is  achieved  by  "sharing"  the  total  tail  rotor  thrust  re- 
quirement between  the  rotor  and  the  shroud,  the  fractional 
split  (Tshroud/TtOTAL)  depending  on  such  factors  as  shroud 
length/fan  diameter,  duct  inlet  lip  shape,  etc.  The  ratio  of 
the  equivalent  diameter  unshrouded  rotor  to  the  shrouded 
rotor/fan  diameter  can  be  related  to  the  rotor/shroud  thrust 
split  by  the  following  relationship: 


dtre/dfan  = \ ^ 

U , _ tshroud 

TtOTAL 

Typical  values  of  TSHROUD/TtOTAL  range  from  .3  to  .5  (result- 
ing in  values  of  D^re/^FAN  “ 1*2  1.4). 

Setting  FANOPh  or  FANOPc  o<lual  to  1.0,  allows  representation 
of  tail  rotor/fan  shutdown  in  hover  and  cruise  flight  respec- 
tively. 

The  vertical  tail  size  may  be  determined  in  three  ways.  If 
VTFIND  = 1,  aspect  ratio  and  tail  fin/tail  rotor  overlap  is 
input.  If  VTFIND  = 2,  tail  fin/tail  rotor  overlap  and  config- 
uration directional  stability  requirements  are  input.  If 
VTFIND  = 3,  the  input  is  the  same  as  with  VTFIND  = 2,  with  the 
exception  that  ARvt  is  specified  instead  of  tail  rotor/fin 
overlap.  These  latter  two  options  are  important  in  that  they 
allow  the  user  to  size  the  vertical  tail  to  meet  cruise  anti- 
torque requirements  at  specified  conditions  (Gloos'  Voes)  in 
the  event  of  tail  rotor  loss.  It  should  be  noted  that  CLdcs 
is  assumed  to  represent  the  total  lift  coefficient  developed 
by  a conventional  tail  fin  in  sideslip,  or  a tail  fin  with  a 
variable  camber  device  (i.e.,  a rudder  or  flap)  deployable 
under  these  circumstances. 

The  horizontal  tall  size  is  an  input  and  must  be  specified  as 
planform  area  Sht  (option  HTIND  = 1)  or  tail  volume  Vh  (option 
HTIND  = 2)  defined  as  follows: 

Vh  = i6g.TH  Sht 

TT^  DMR3 
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where:  = distauice  from  the  main  rotor  hub  to  the  aerody- 

namic center  of  the  horizontal  tail  - ft 

Dmr  = main  rotor  diameter  - ft 

The  horizontal  tail  is  designed  to  achieve  angle  of  attack  as 
well  as  speed  stability  of  the  helicopter.  The  planform  area 
required  to  achieve  ein  acceptable  longitudinal  stability  level 
is  a function  of  the  design  gross  weight,  type  of  rotor  sys- 
tem, tail  rotor  cant  angle  and  tail  moment  arm  as  illustrated 
by  the  sizing  trends  for  current  helicopters  presented  in  Fig- 
ure 4-22.  These  trends  represent  a design  criteria  of  approxi- 
mately neutral  static  longitudinal  stability  at  p > .2.  As 
illustrated  in  this  figure,  aircraft  with  hingeless  or  articu- 
lated rotor  systems  require  larger  tail  areas  than  aircraft 
with  teetering  rotors  due  to  the  larger  destaUailizing  hub 
moment  associated  with  locating  the  flapping  hinge  outboard  of 
the  center  or  rotation.  The  largest  tail  size  is  required  for 
configurations  employing  canted  tail  rotors  because  of  their 
large  aft  c.g.  range. 

For  preliminary  design  studies,  the  sizing  trends_shown  in  Fig- 
ure 4-22  can  be  used  to  define  the  inputs  Sht  or  Vr ; however, 
an  estimate  of  design  gross  weight  and  moment  arm  is  required. 
As  noted  in  Table  4-4  , the  ratio  £th/I^4R  for  current  helicop- 
ters is  on  the  order  of  1.0  to  1.2.  The  main  rotor  radius 
(RMR)  can  be  defined  from  gross  weight  and  disk  loading  esti- 
mates. For  detailed  design  studies,  further  analyses  of  air- 
craft longitudinal  stcibility  is  required  prior  to  finalizing 
the  tail  design.  This  is  particularly  true  for  winged  and 
compound  helicopters  where  wing  and  auxiliary  propulsion  ef- 
fects must  be  considered. 

Forward  rotor  pylon  dimensions  are  specified  directly  (input 
LOGS  0152  - 0156). 

The  computer  program  calculates  the  length  and  wetted  area  of 
the  fuselage  based  upon  input  values  of  ceOain  length,  cabin 
mean  dieimeter,  fineness  ratios  of  the  pilots  section  and  tail 
section,  and  calculated  tail  boom  dimensions.  The  tail  boom 
length  is  established  by  the  tail  rotor  dieuneter,  the  need  to 
maintain  a reasoneible  gap  between  the  main  and  tail  rotor 
discs  and  the  relative  position  of  the  main  rotor  on  the  fuse- 
lage. This  position  (Xm/I^b)  either  be  input  (MRPIND  = 0) 

or  calculated  (MRPIND  = 1,  2) , using  a simple  weight-balemce 
subroutine.  If  the  latter  option  is  chosen,  the  relative 
positions  (from  the  aircraft  nose)  of  the  various  aircraft 
components  (engines,  primary  drive  system,  etc.) , must  be  in- 
put (LOGS  2678-2696) . Additional  increments  of  fuselage 
wetted  area  (to  account  for  miscellaneous  bulges,  fairings, 
etc.)  may  be  input  through  the  use  of  ASwet/Sp  (LOG  0120)  emd 
ASwet  0121)  . 
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TAIL  AREA  X MOMENT  ARM 


Figure  4-22.  Horizontal  Tail  Sizing. 


TABLE  4-4.  PRODUCTION  HELICOPTER  HORIZONTAL  TAIL  PARAMETERS. 


A single  rotor  helicopter  without  a tall  rotor  (e.g.,  a co- 
cuclal  rotor,  or  a single  rotor  configuration  employing  main 
rotor  torque  cancellation  by  means  o^er  than  a tall  rotor  or 
fan)  may  be  sized  by  setting  TRDIND  « 0.  In  this  case,  fuse- 
lage dimensions  are  Input  as  before,  with  the  exception  of  the 
tall  boom.  Tall  bo<xn  length  Is  determined  by  the  relative 
position  of  the  main  rotor  on  the  fuselage  and  the  horizontal 
distance  between  the  tip  of  the  tall  boom  and  the  main  rotor 
disc.  This  distance  Is  Input  in  the  location  (LOC  0214)  used 
for  specifying  the  maln/tail  rotor  disc  gap  for  conventional 
single  rotor  helicopters.  Note  that  this  dimension  can  be 
either  positive  or  negative,  the  latter  defining  a configura- 
tion where  the  empennage  carried  by  the  tail  boom  lies  under 
the  main  rotor  disc.  In  addition,  VTFIND  (LOC  0017)  must  be 
input  as  1,  vertical  tail  area  being  calculated  from  input 
values  of  AN^t  (LOC  0135)  and  vertical  tall  span  (when 
TRDIND  = 0,  vertical  tail  span  (in  feet)  is  input  in  LOC  0139 
(Kz))  . 

Three  options  are  available  for  sizing  a tandem  rotor  helicop- 
ter fuselage.  These  options,  specified  by  the  indicator 
FDMIND,  are; 


FDMIND  Input 

1 ((0/L)/D),  forward,  aft  rotor 
positions 

2 ((0/L)/D),  ceibin  length  (Iq) 


3  cabin  length  {Iq) , forward 
and  aft  rotor  positions 


Calculated 

fuselage  length  (ip) 
cabin  length  (Iq) 

fuselage  length  (ip) 
forward  & aft  rotor 
positions 

( (0/L) /D) , fuselage 
length  (ip) 


In  cases  (FDMIND  = 1)  where  the  calculated  ceibin  length  is 
less  than  zero,  an  error  statement  is  printed  and  the  case 
terminated.  Likewise,  if  the  rotor  overlap/diameter  ratio  ex- 
ceeds either  to. 5 or  -0.5,  the  case  is  terminated. 


The  aft  rotor  pylon  dimensions  may  either  be  input  directly 
(APHIND  = 1)  or  calculated  (APHIND  = 2)  based  on  an  input  of 
rotor  gap/stagger  ratio.  The  forward  pylon  dimensions  are 
input  directly  as  in  the  case  of  the  single  rotor  helicopter. 


In  the  case  of  a confound  helicopter,  propeller  dimensions 
and  characteristics  (i.e.,  AF,  blade  number,  Clj^  , etc.)  are 
input  directly. 

Wing  sizing  options  are  divided  into  two  groups,  those  for 
determining  wing  area  (SyflND)  and  those  for  determining  wing 
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span  (bwIND) . Wing  area  may  either  be  input  directly 
(SwiND  = 1) # calculated  based  on  an  input  wing  loading 
(SwiND  = 2) , or  sized  to  meet  a maneuver  requirement.  In  the 
latter  case,  the  wing  size  is  dictated  by  the  need  to  carry 
the  difference  between  the  overall  g requirement  (LOC  0188) 
and  the  maneuver  g's  (LOC  0189)  carried  by  the  main  rotor (s ) . 
Wing  span  may  be  determined  on  the  basis  of  an  iiq>ut  wing 
span/rotor  di2uneter  ratio  (bwIND  « 1) , an  input  aspect  ratio 
(bwIND  = 2) ; or,  in  the  case  of  a ooiif>ound  helicopter  with 
wing  mounted  propellers,  on  the  basis  of  propeller  tlp/fuselage 
clearance  considerations  (bwIND  * 3) . 

The  dimensions  of  the  primary  and  auxiliary  Independent  engine 
nacelles  are  determined  by  the  hoirsepower  or  thrust  level  of 
the  engines.  Separate  input  constants  zi,  Z2,  Z3f  Z4,  Z5  and 
Z6  are  used  to  calculate  the  size  of  the  nacelles. 


Primary  engine  nacelles 


Diameter  (ft) 


length  (ft)  = 


wetted  area  (ft^)  =*  Np  ir(dia)  (length) 


Auxiliary  independent  engine  nacelles 

nl/2 


dicimeter  (ft)  = z^ 
length  (ft)  = Zg  + Zg 


rsHP*ilV2  rpjjrfi 

[-NF-J  - ^4 

rsHP*il  1/2 


*ll/2 


wetted  area  (ft^)  = Np^  v (dia) (length) 

Figure  4-23  show  a flow  chart  of  this  subroutine. 
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4.9  AERODYNAMICS  CALCULATIONS  SUBROUTINE 

The  aerodynamics  subroutine  calculates  a series  of  factors 
(a5,  ag,  ay,  ag,  and  a9)  which  are  used  in  the  calculation  of 
drag.  The  drag  calculation  has  been  written  in  the  most  gen- 
eral manner  possible.  Drag  is  assumed  to  be  divided  into 
profile,  induced,  and  interference  components;  namely. 


Fe^OT 


Wing  Profile  Wing  Induced 
Drag  Drag 


Vertical  Tail 
Induced  Drag 


where , 

Feq»OT  ® Total  configuration  equivalent  flat  plate  drag 
area 


a5  - Basic  configuration  flat  plate  drag  area  (including 
fuselage,  rotor  hubs,  rotor  pylons,  etc) . 

ag  = % (fw  (Re)] 

ay  = 1/ne  AR 

ag  = 1/ne^  AR^  TFEF 

Fejp  = Rotor/wing  interference  equivalent  flat  plate  drag 
area  (calculated  by  the  progreun  using  simplified 
Prandtl  Bi-Plane  Theory) . 

The  basic  configuration  flat  plate  drag  area  may  be  calculated 
in  two  different  ways:  by  a detailed  build  up,  or  by  a trend 
(see  Figure  4-24)  . The  wing  profile  drag  is  assumed  to  be  a 
function  of  lift  coefficient,  as  specified  by  an  input  table. 


If  the  user  elects  to  determine  the  basic  configuration  flat 
plate  drag  area  (as)  by  build  up  (DRGIND  * 1) , then  profile 
drag  coefficients  (CQu,p,  etc.)  and  form  factors  (Kg^, 

Kyip,  etc.)  for  each  component  are  input  to  the  progreun,  ag 
then  being  calculated  from  the  following  relationship: 


.00287  Kp  Sp  [fp  (Re)] 

\ — — -"y— 

Fuselage  Profile  Drag 


+ Kpp  Cupp  FApp 

' V " 

Forward  (Main)  Rotor  Pylon 
Profile  Drag 


4-109 


4-110 


Figure  4-24.  Parasite  Drag  Buildup  Options. 


+ Kap  Sap  [tAP  (Re)]  + Kyr  Svt  IfvT 


Aft  Rotor  Pylon 
Profile  Drag 


Vertical  Fin  Profile  Drag 


HT  ^Dtrm  ®HT  t^HT  ^ % ^D*, 


Horizontal  Tail 
Profile  Drag 


Primary  Engine  Nacelle (s) 
Profile  Drag 


NI  ^Dxtt  ®NI  1 + KjjS  ^D„c  ®NS  (R®)  1 


Avixiliary  Independent 
Engine  Nacelle  Profile 
Drag 


Auxiliary  Independent 
Engine  Nacelle  Strut 
Profile  Drag 


Main  Rotor  Hub(s) 
Total  Drag 


Tail  Rotor 
Hub  Total 
Drag 


AFe  [fp  (Re)] 


Miscellaneous 

Drag 


The  terms  f^,  (Re),  fp  (Re),  fyr  (Re)  » etc.,  are  Reynolds 
number  functions  for  the  wing,  fuselage,  vertical  tail,  etc., 
which  reflect  the  variation  of  skin  friction  coefficient  with 
Reynolds  number.  The  function  which  is  used  is  a normalized 
form  of  the  Prandtl-Schlichting  turbulent  flat  plate  skin 
friction  equation: 


Cf 

= cl  7 

^fRe=107 


- * T 


-2.6 


The  program  user  inputs  a value  for  average  Reynolds  number 
per  foot  for  the  mission  and  the  progreun  then  calculates  the 
Reynolds'  number  for  each  component  of  the  aircraft  and  uses 
the  Reynolds'  number  functions  fyi  (Re),  fp  (Re),  etc.,  to 
determine  the  variation  in  component  drag  as  the  aircraft 
dimensions  change  during  the  iteration  on  gross  weight.  The 
individual  profile  drag  coefficients,  CDum^f  etc.,  are 

input  at  a reference  Reynolds  number  of'^^^lO^."^^ 

Particular  care  must  be  exercised  in  the  input  of  data  re- 
quired for  calculating  the  hub  drag,  as  this  particular  compo 
nent  can  typically  account  for  as  much  as  1/2  to  2/3  of  the 
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total  parasite  drag  of  a helicopter.  The  hub  drag  calculation 
method  (Reference  8)  used  in  this  program  is  based  on  the 
following  relationships: 


Hub  center 


Rotor 

shanks 


Misc 

hub/shank 

Interference 


where : 

FeRUB  = f jcp  (Hub  projected  frontal  area)| 

Fe-;„  = f (Cr,  / Number  of  shanks,  shank 
^ °SH 

projected  frontal  area,  and  local 
advance  ratios  at  the  hub/shank 
and  shank/ rotor  blade  interfaces > 

Typical  values  of  hub  center  section  and  shank  drag  coeffi- 
cients are  illustrated  in  Figure  4-25.  A few  notes  of  caution 
on  the  use  of  values  such  as  are  contained  in  Figure  4-25  is 
in  order.  First,  estimates  of  the  Reynolds  niomber  of  the  hub 
or  shank  sections  to  be  used  should  be  made  in  order  to  estab- 
lish whether  the  sections  are  sub  or  super  critical.  Second, 
while  2-dimensional  section  drag  coefficients  are  appropriate 
for  use  with  shanks  of  extended  length,  test  data  indicates 
that  3-dimensional  coefficients  are  more  representative  for 
low  aspect  ratio  shanks  bounded  by  lower  drag  shapes  (for  ex- 
ample, a short  stubby  shank  bounded  on  one  side  by  a faired 
hub  and  on  the  other  side  by  the  root  end  of  the  rotor  blade) . 
Figure  4-26  illustrates  the  hub  geometry  and  interference  drag 
factors  implicitly  assumed  in  this  program.  If  the  actual  hub 
geometry  or  interference  drag  variation  desired  by  the  user 
differs  appreciably  from  these,  the  differences  can  be  re- 
flected by  ratioing  the  input  drag  coefficients  Cnr-eMo/  Cncuus* 
Cdcstr'  ^°SHTR  accordingly.  Table  4-5  summarizes  these 
corrections. 

If  it  is  desired  to  calculate  a5  by  use  of  a drag  trend 
(DRGIND  = 2),  the  following  relationship  then  obtains: 


■][%] 
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INFLUENCE  OF  CROSS  SECTION  SHAPE  ON  SHANK  DRAG 
COEFFICIENTS  (CYLINDERS  AT  SUPERCRITICAL  REYNOLDS  NO.) 


CORNER  XX 

RADIUS ^ 

.02  TO  .04  h 


RATIO 

1:2 

0 

1.00 

D 

2.30 

0 

1.80 

1:1 

o 

.35 

□ 

2.00 

o 

1.50 

2:1 

o 

.15 

C3 

1.40 

o 

1.10 

SECTION 


COEFF. 
'v.  Cd 


EFFECT  OF  CORNER  RADIUS 
ON  DRAG  COEFFICIENTS  FOR 
RECTANGULAR  SECTIONS 


(USED  FOR  TRANSITION 
SECTION  OF  HLH  BLADE 
SHANKS) 


Figure  4-25. 


CORNER  RADIUS  'v  INCHES 
(FOR  8 IN.  FRONTAL  THICKNESS) 


Typical  Hub  euid  Shemk  Drag  Coefficients 
(Part  1 of  2) . 
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HUB  CENTERSECTION  DRAG  COEFFICIENTS 

CH-47  HUB  (INCLUDING  INTERFERENCE) 

^ otpuSE  “ ® Cq  = 1.61 
® “SHAFT  “0  Cjj  = 1.91 

CH-47  HUB  (WITH  INTERFERENCE  CORRECTION) 

BASED  ON  STATIC  AREA  Cq  = 1.03 

BASED  ON  ROTATING  AREA  Cd  = .88 

DRTS/12'  DIA.  - 3/6  BEADED  ROTOR  HUB  (NO  INTERFERENCE) 
BASED  ON  STATIC  AREA  C^  = 1.03 

BASED  ON  ROTATING  AREA  Cd  = .88 

NASA  MEMO  1-31-59L  (NO  INTERFERENCE) 


1 

BASED 

ON 

ROTATING  AREA 

! 

HUB 

1 

CYLINDRICAL  HUB 

CD  = 

.65 

1 

HUB 

2 

TWO  BLADED  TEETERING  HUB 

Cd  = 

.63 

HUB 

3 

HILLER  SERVO  ROTOR  HUB 

Cd  = 

.70 

HUB 

4 

H-19  HUB 

Cd  = 

.72 

[■ 

HUB 

5 

HUP- 2 HUB 

Cd  = 

.55 

NOTE;  HUB  CENTERSECTION  COEFFICIENTS  ARE  GENERALLY  LOWER 

THAN  MIGHT  BE  EXPECTED  SINCE  CENTERSECTION  IS  USUALLY 
MORE  TYPICAL  OF  3 DIMENSIONAL  RATHER  THAN  2 DIMENSIONAL 
FLOW 


SHAPE 


Cd  @ SUBCRITICAL  REYNOLDS  NO. 


3 -DIMENSIONAL 
TYPICAL  OF  CENTERSECTION 


2-DIMENSIONAL 
TYPICAL  OF  SHANKS 


1.17 


1.05 


1.55 


2.05 


SHANK 


ASSUMED: 


^hub/^shank  “ 


ROTATION 

MAIN  ROTOR 

^HUB 

1 

r 1 ^SHANK 

HUB 

CENTER  SECTION 


^MR'^I 

(INPUT  LOC  0179) 


ROTOR 

BLADE 


'SHANK 


'BLADE 


.25R 


. HUB  DIA  = 2 3^  [-2“J 
. HUB  FRONTAL  AREA  = HUB  DIA  X tnUB 

fOMRl 

. SHANK  FRONTAL  AREA  = (XcMR  “ Xmr)  (.T"] 
* ^INT  ~ 1»00 

ROTATION 

TAIL  ROTOR  I J 


^CfiR 

(INPUT  LOC  0178) 


SHANK 


‘SHANK 


SHANK 


HUB 

CENTER  SECTION 


SHANK 


ROTOR 

BLADE 


ASSUMED:  J j 

tHUB/tSHANK  = 3.0 
(t/c)  SHANK  = .10 

TDtr] 

HUB  DIA  = 2 Xtr  \.T“J 

HUB  FRONTAL  AREA  = HUB  DIA  X tnuB  f -v 

SHANK  FRONTAL  AREA  = (Xc^r  " Xtr)  [EpJ  tgRANK 

Kijjt  ~ 1.00 

Figure  4-26.  Rotor  Hub/Shank  Geometry  Used  in  Program  for 
Hxib  Drag  Calculations . 
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where , 


Initial  "guess"  at  iterated  helicopter  gross  weight 
(input  LOC  0023) . Note,  this  is  also  the  value  of 
gross  weight  at  which  the  input  value  of  (GW/Fe)  is 
obtained.  (See  sketch  below) 


"Iterated"  or  final  design  gross  weight  of  the 
aircraft. 


(GW/Fe)  = "Drag  Loading"  input  at  a given  gross  weight  (in 
this  case  Wqq) . 


^FED  “ Exponent  defining  the  slope  of  a typical 
logarithmic  drag  trend. 


The  following  sketch  should  serve  to  illustrate  these  facts 
more  clearly. 


INPUT 


*^FED  1 + An 


p (GW/Fe) 2 1 
[ (GW/Fe) 


^n  (WG1/WG2) 


Figure  4-27  illustrates  typical  parasite  drag  area  trend  for 
various  helicopters  and  fixed-wing  aircraft. 


The  drag  routine  may  be  used  in  many  different  ways.  The  four 
most  common  applications  are: 


1.  Drag  Build  up  for  a New  Aircraft  Design  - This  is  best 

illustrated  by  iirst  referring  to  the  complete  drag  break- 
downs of  the  hypothetical  helicopters  shown  in  Tables  4-6 
and  4-8.  The  input  Co  for  each  component  (CDWi»  DHTi» 


k. 

I 


* WINGED  AIRCRAFT 
4 MISC  HELICOPTERS 

• LINE  (2)  , KpED  = .561 
A LINE  (D  / KpED  “ .542 
■ LINE  @ t ^PED  ~ .523 
X LINE  0 ' ^ED  ^ 


GULFSTREAM 


MOHAWK 


HUEYCOBRA 


XH51—  BELVEDERE  |-b'-^330lCH47A 


XH51A 


107II 

3' 

5 


103  2 3 456789  lO'*  2 3 456789 10  = 

DESIGN  GW  LB 

Advanced  drag  cleanup  (e.g.  faired  hubs,  low  drag  or 
retractcible  landing  gear  etc.). 

Current  standard  of  landing  gear,  hub  design,  skin 
finish  etc. 

Unfaired  landing  gear,  hubs,  protuberances,  poor  body 
shape , etc . 

Exceptionally  dirty  configuration  due  to  such  things 
as  open  construction,  exceptionally  dirty  engine 
installation,  landing  gear,  etc. 

: The  drag  area  for  the  winged  aircraft  excludes  the  CqA 
of  the  wings,  to  be  con5)atible  with  the  helicopters. 


Figure  4-27.  Typical  Parasite  Drag  Trends. 


etc.)  may  be  used  to  represent  the  reference  Cf  at  Re  = 
10^  and  at  the  mean  flight  Mach  number.  Drag  increases 
above  the  drag  of  a flat  plate  such  as  three  dimensional 
effects,  interference,  roughness,  and  excrescences  may  be 
accounted  for  by  the  multiplying  factors  (Kyg,  Kjjqi,  etc.). 
Miscellaneous  drag  increments  can  be  summed  and  input  as 
AFe.  Examples  of  these  increments  are  cooling  momentum, 
trim,  and  airconditioning.  The  K factor  for  wings  and 
tails  should  include  a factor  for  relating  the  wetted 
area  of  the  surface  to  the  planform  area.  An  example  of 
the  program  inputs  for  the  hypothetical  helicopters  of 
Tables  4-6  and  4-8  are  shown  in  Tables  4-7  and  4-9. 


i 2 . Study  of  the  Sensitivity  of  Aircraft  Size  with  Respect  to 

the  Component  Drag  or  the  Total  Drag  about  a Certain  Drag 
Level  - Let  the  total  drag  of  each  component  be  contained 
^ in  the  drag  coefficient  of  each  component,  Cpwi/  CpHTi/ 

CovTi'  etc.  The  change  in  drag  of  each  component  will 
then  be  determined  by  the  values  assigned  to  the  component 
\ multiplying  factor,  Kw,  Kht»  KvTr  etc.  The  fuselage  drag 

f change,  however,  will  have  to  be  represented  by  an  incre- 

mental value  of  Afe. 

' 3.  Use  of  Component  Drag  Data  from  Wind  Tunnel  Test  - Let  the 

drag  of  each  component  (including  interference) be  con- 
tained in  the  component  drag  coefficient,  Cowif  CDHTif 
CoVTi/  etc.  The  skin  friction  drag  must  first  be  corrected 
to  Re  = 10'7.  The  drag  increase  due  to  items  found  only  on 
the  full  scale  airplane  would  then  be  represented  by  the 
factors  and  increments.  Increases  due  to  excrescences  and 
roughness  are  represented  by  the  factors,  Kw,  Kht»  Kvt» 

_ etc.  Increments  such  as  inlets,  cooling,  trim,  and  after- 

“ body  drag,  can  be  summed  and  represented  by  Afe. 

f.  4.  Simplified  Drag  Model  for  Par^etric  Studies  - The  program 

I is  often  used  to  study  the  influence  of  variations  of 

^ parameters,  such  as  disc  loading,  solidity,  etc.  on  the 

size  of  a helicopter.  During  these  studies,  it  is  often 
not  desirable  to  go  into  the  design  depth  required  in  the 
three  applications  above.  Use  of  the  drag  trends 
(DRGIND  =2)  is  therefore  dictated  by  this  requirement. 

1 Figure  4-28  is  a flow  chart  of  this  subroutine. 
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TABLE  4-6.  DRAG  BREAKDOWN  FOR  HYPOTHETICAL  SINGLE  ROTOR 

COMPOUND  HELICOPTER  R /FT  » 1.56x10®  (V  « 189  KT) 

6 


COMPONEMT 

WETTED 

AREA 

Cf 

f^  FT^ 

» “e 

FUSELAGE 

3-Dinensional  Effects 

Excrescences 

Canopy 

Afterbody 

1949. 

0.00191 

3.72 

6.60 

“1773  fi.46 
7.0  0.29 

0.20 
1.93 

WING 

3-Diinensional  Effects 

Excrescences 

Flaps,  Slats,  Ailerons,  Spoilers 

Body  Interference 

345. 

0.0030 

1.04 

1.59 

2^.3  5731“ 

2.0  0.03 

15.6  0.21 

MAIN  ROTOR  PYLON 

Basic  F^  (including  interference  and 

3-D  effects)  Cp.  (Based  on  frontal 
area)  - 0.10  ® 

Excrescences 

286. 

3.19 

Frontal 
Area  • 
26.6  Ft2 

2.66 

20.0  0.53 

HORIZONTAL  TAIL 

3-Dimensional  Effects 

Excrescences 

Interference 

246. 

0.00305 

0.75 

1.60 

43.4  0.33 

7.0  0.08 

40.7  0.44 

VERTICAL  TAIL 

3-Dimensional  Effects 

Excrescences 

Interference 

0.00270 

0.57 

1.03 

il.3  0.13 
7.0  0.05 

40.7  0.28 

PRIMARY  ENGINE  NACELLES 

3-Dimensional  Effects 

Excrescences 

Interference 

Inlets 

188. 

0.00278 

0.52 

1.72 

40.4  0.21 

25.0  0.18 

75.0  0.55 
0.26 

ROTOR  HUBS  (TOTAL) 

Main  Rotor  Hub  (center  section) 

Main  Rotor  Hub  (shan)cs) 

Tail  Rotor  Hub  (center  section) 

Tail  Rotor  Hub  (shan)cs) 

Total  Interference  (main  t tail  rotor) 

6.22 

5.85 

0.48 

0.67 

1.60 

14.82 

o 

M 

X 

Roughness  (50%  of  Cf  A^^.^ 

Cooling 

Trim 

Air  Conditioning 

1.34 

TOTALS  ft^ 

3224 

31.89 

NOTES:  (1)  Basic  + (3-D  Effects  Af^) 

(2)  Excrescences  and  interference  are  t of  basic  f 

e 


TABLE  4-7.  SUMMARY  OF  AERODYNAMICS  INPUT  FOR 
COMPOUND  HELICOPTER  OF  TABLE  4-6 


MISC  I Cooling*  Airconditioning*  and  nacelle  inlets  included  in  fuselage  AF 


TABLE  4-8.  TYPICAL  DRAG  SUMMARY 
DRAG  BREAKDOWN  FOR  HYPOTHETICAL  TANDEM  ROTOR 
WINGED  HELICOPTER  R^/ft  » 1.49xl06  (V  - 181  KT) 


COMPONENT 

WETTED 

AREA 

Cf 

INCREMENT 

f^  FT^ 

t 

f 

e 

FUSELAGE 

3-Dimensional  Effects 

Excrescences 

Canopy 

Afterbody 

1640. 

0.00208 

3.41 

6.52 

12.2 

7.0 

0.42 

0.27 

0.20 

2.22 

WING 

3-Dimensional  Effects 

Excrescences 

Flaps.  Slats,  Ailerons.  Spoilers 

Body  Interference 

389. 

0.0030 

1.16 

1.77 

29.3 

2.0 

15.2 

0.34 

0.03 

0.24 

FORWARD  PYLON 

Basic  fe  (including  Interference  and 

3-D  effects)  Cn.  (Based  on  Frontal 

Area)  - 0.15  ° 

Excrescences 

41.5 

1.69 

(Frontal 
Area  - 
9.5  Ft2) 

20.0 

1.41 

0.28 

AFT  PYLON 

3-Dimensional  Effects 

Excrescences 

Interference 

421. 

0.00252 

1.06 

2.38 

46.4 

20.0 

33.5 

0.49 

0.31 

0.52 

PRIMARY  ENGINE  NACELLE 

3-Dimensional  Effects 

Excrescences 

Interference 

Inlets 

188. 

0.00278 

0.52 

1.72 

40.4 

25.0 

75.0 

0.21 

0.18 

0.55 

0.26 

ROTOR  HUBS  (TOTAL) 

Main  rotor  hub  (center  section,  total) 
Main  rotor  hub  (shanks,  total) 

Hub/Shank  Interference  (total) 

10.4 

7.78 

1.30 

19.48 

MISC 

Roughness  (5.0%  of  C,A™_) 

Cooling  ' 

Trim 

Air  Conditioning 

0.45 

0.50 

0.30 

1.25 

TOTALS  ft^ 

2679.5 

34.81 

NOTES:  (1)  Basic  (3-D  Effects  if^) 

(2)  Excrescences  and  Interference  are  I of  basic  f^ 
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Y OP  AERODYNAMICS  INPUT  FOR  HELICOPTER  OF  TABLE 


MISC  Cooling#  air  conditioning  and  nacelle  inlets  included  in  fuselage  AF 
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Figure  4-28. 


Aerodynamics  Calculations  (AERO)  Subroutine 
Flow  Chart  (Part  2 of  4) . 
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Figure  4-28.  Aerodynamics  Calculations  (AERO)  Subroutine 
Flow  Chart  (Part  4 of  4)  . 
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4 . 10  ENGINE  SIZING  SUBROUTINE 


The  engine  cycle  performance  data  included  in  the  engine 
library  consists  of  detailed  performance  maps  of  power  (or 
thrust),  fuel  flow,  Nj,  and  Nij.  The  data,  as  shown  in  Table 
4-1,  is  in  normalized,  referred  format.  In  particular,  horse- 
power is  normalized  with  respect  to  the  value  of  power  at  the 
maximum  static  rating  at  sea  level,  standard  day  conditions. 
Thrust  is  similarly  normalized  to  the  maximum  static  thrust 
at  sea  level  for  standard  day. 

The  engine  sizing  subroutine  calculates  the  value  of  the 
scaling  factors,  namely,  the  maximum  static  thrust  or  power 
(S.L. , std.).  If  so  desired,  the  user  may  study  a helicopter 
with  fixed  rather  than  "rubberized"  primary  engines.  This  is 
accomplished  by  means  of  the  indicator  FIXIND.  If  FIXIND  = 0, 
the  user  inputs  the  maximum  (installed)  power  of  the  primary 
engines.  If  FIXIND  = 1,  the  engine  sizing  subroutine  calcu- 
lates the  installed  power. 

A variety  of  different  criteria  are  often  applied  to  determine 
engine  size  requirements.  These  criteria,  differing  as  they 
do,  can  generally  be  related  by  a single  factor.  For  a take- 
off condition  this  factor  is  the  value  of  equivalent  required 
thrust-to-weight  ratio.  Similarly,  engine  sizing  requirements 
for  forward  flight  can  be  related  to  a set  of  cruise  condi- 
tions; namely,  cruise  altitude  and  true  airspeed. 

Engine  sizing  requirements  for  helicopters  are  generally  set 
by  takeoff  conditions,  and  less  frequently  by  forward  flight 
conditions.  The  program,  therefore,  permits  the  user  two 
options  of  calculation.  The  first  option  (ESCIND  = 1)  will 
calculate  engine  size  for  takeoff  conditions  only;  the  second 
option  (ESCIND  = 2)  will  calculate  engine  size  for  both  take- 
off and  forward  flight  conditions,  compare  the  two,  and  pick 
the  more  critical  condition.  The  engines  are  sized  for  take- 
off to  provide  a required  (input)  equivalent  thrust-to-weight 
ratio  with  a specified  (input)  number  of  engines  inoperative, 
at  a specified  fraction  (SHPe/SHP*)  of  maximum  installed 
power. 

Cruise  conditions  are  specified  by  means  of  altitude,  cimbient 
temperature,  true  airspeed;  and,  in  the  case  of  a compound 
helicopter,  the  propulsive  thrust  split  (T^ux/^TOtJc  between 
the  auxiliary  propulsor  and  the  main  rotor.  In  addition,  the 
user  may  select  the  power  setting  to  be  used:  maximum, 
military,  or  normal. 

In  the  case  of  a configuration  having  auxiliary  independent 
cruise  engines  (APIND  = 2) , these  engines  may  either  be  fixed 
or  sized  independently  of  the  primary  engines.  For  example, 
it  would  be  possible  to  study  a configuration  with  fixed  size 
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primary  engines  (FIXIND  = 0)  while  sizing  the  auxiliary 
engines  to  meet  cruise  requirements . NOTE : in  a case  like 
this,  input  locations  0234-0241  must  be  filled  out  to  allow 
sizing  for  the  auxiliary  engines,  even  though  the  primary 
engines  are  fixed  in  size. 


In  addition  to  sizing  the  primary  and  auxiliary  engines,  this 
subroutine  calculates  the  main  rotor,  tail  rotor  (in  the  case 
of  a single  rotor  helicopter)  and  auxiliary  propulsion  drive 
system  rating  (in  the  pase  of  a compound  helicopter) . The 
options  available  to  tiie  user  for  this  purpose  are; 


XMSNIND  = 0 


XMSNIND  = 1 


XMSNIND  = 2 


XMSNIND  = 3 


XMSNIND  = 4 


XMSNIND  = 5 


Main,  tail  and  auxiliary  drive  system  ratings 
specified  as  fraction  of  primary  engine 
installed  power  (in  the  case  of  a compound 
helicopter  with  auxiliary  independent  propul- 
sion, the  auxiliary  independent  drive  system 
rating  is  specified  as  a fraction  of  the  aux- 
iliary independent  engine  installed  power) . 


The  drive  system  ratings  calculated  are  equal 
to  the  product  of  the  applicable  multiplica- 
tive factors  (SHPMRX/SHP*MR,  SHPTRX/TRP*, 
SHPaRX/SHP*aUX)  and  the  component  (main  tail, 
and  auxiliary)  power  obtained  from  the  propor- 
tional split  (based  on  power  required)  of  the 
total  sea  level  standard  maximum  (installed) 
engine  power. 


Main,  tail,  and  auxiliary  drive  system  ratings 
specified  at  fraction  of  power  required  to 
hover  or  cruise  at  design  conditions  (more 
critical  of  the  two  conditions  is  selected) . 


Same  as  2 , except  the  most  critical  of  the  two 
design  conditions  is  ccxnpared  to  the  drive  sys- 
tem rating  required  at  an  alternate  payload/ 
gross  weight  hover  at  the  design  point  condi- 
tions. The  most  critical  of  these  three  condi- 
tions is  selected. 


Same  as  2 , except  that  tail  rotor  drive  system 
rating  is  selected  independently  of  the  main 
rotor  drive  system  to  match  a specified  fraction 
of  power  required  to  hover  or  cruise  at  design 
conditions  (more  critical  of  the  two  conditions 
is  selected) . 


Same  as  3,  except  that  the  tail  rotor  drive 
system  rating  is  selected  independently  of  the 
main  rotor  drive  system  as  in  4,  and  the  most 
critical  of  the  two  design  conditions  is 
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compared  to  the  tail  rotor  drive  system  rating 
required  at  an  alternate  payload/gross  weight 
hover  at  the  design  point  conditions  * The  most 
critical  of  these  three  conditions  is  selected. 


It  should  be  noted  that  when  FIXIND  = 0 or  FIXINDI  = 0;  i.e., 
fixed  size  engines,  any  of  the  six  transmission  sizing  options 
(XMSNIND  = 0 -*■  5)  may  be  used.  If  drive  system  ratings  cal- 
culated based  on  meeting  specified  flight  conditions 
(XMSNIND  = 2 ->■  5)  exceed  the  installed  power  rating  of  the 
fixed  size  engines,  the  drive  system  ratings  are  reset  to 
"match"  the  fixed  si?e  engines. 


The  use  of  separate  engine  and  transmission  sizing  options 
provides  great  flexibility  in  meeting  conflicting  engine/drive 
system  requirements.  For  example,  using  XMSNIND  =2,  it  is 
possible  to  size  a helicopter's  primary  engines  to  meet  an 
engine  inoperative  in  hover  requirement,  while  only  rating  the 
drive  system  for  the  actual  power  required  to  hover  at  that 
design  point,  thus  effecting  a considerable  saving  in  drive 
system  weight.  Or,  using  XMSNIND  = 3 , it  is  possible  to  rate 
the  drive  system  for  the  power  required  at  an  alternate  gross 
weight/payload  hover  point,  while  still  meeting  the  original 
engine  out  sizing  criteria.  Note  that  XMSNIND  =4,5  are  of 
use  only  when  sizing  single  rotor  helicopters  (CNFIND  = 1.0). 


The  drive  system  ratings  determined  in  the  sizing  process  may 
be  used  to  limit  helicopter  performance  by  setting  QIND 
(LOG  1205)  and  Qmax/Q*  (LOG  1224)  = 1.0  for  the  primary  drive 
system  and  QINDI  (LOG  2205)  and  Qmax/Q*  (LOG  2224)  =1.0  for 
the  auxiliary  drive  system.  Figure  4-29  contains  a flow  chart 
of  this  subroutine. 
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Figure  4-29.  Engine  Sizing  Subroutine  Flow  Chart 
(Part  3 of  12 ) . 


figure  4-’29.  Engine  Siting  Subroutine  Plow  Chert 
(Pert  I of  12 ) . 


Figure  4-29.  Engine  Sizing  Subroutine  Flow  Chart 
(Part  9 of  12) . 
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Engine  Sizing  Subroutine  Flow  Chart 
(Part  10  of  12 ) . 


Figure  4-29.  Engine  Sizing  Subroutine  Flow  Chart 
(Part  11  of  12) . 


Figure  4-29.  Engine  Sizing  Subroutine  Flov  Cliart 
(Part  12  of  12) . 
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WEIGHT  TRENDS  SUBROUTINE 

The  weight  trends  subroutine  calculates  the  group  weights 
for  the  propulsion  system,  the  structures  system,  and  the 
flight  control  system.  These  weights  are  then  combined  with 
input  values  of  the  weight  of  fixed  useful  load,  fixed  equip- 
ment, and  payload  in  order  to  determine  the  weight  of  fuel 
available  (Figure  4-30) . The  subroutine  uses  detailed  sta- 
tistical weight  equations  as  used  at  the  Boeing  Vertol  Company. 
The  group  weights  are  not  directly  added,  but  rather  are 
combined  by  the  use  of  incremental  multiplicative  and  additive 
weight  factors;  these  factors  are  useful  for  sensitivity 
studies  for  the  aircraft.  For  example,  if  it  is  desired  to 
determine  the  effect  of  an  additional  300  pounds  of  propulsion 
system  weight,  the  factor  Wp  is  input  as  300.  Similarly,  if 
it  is  desired  to  investigate  the  effect  of  a 15-percent  in- 
crease in  the  weight  of  the  engines,  the  factor  input 

as  1.15. 

In  order  to  calculate  the  weight  of  the  aircraft  structure, 
the  weight  trends  subroutine  must  determine  the  limiting 
design  load  factor.  For  pure  and  auxiliary  propulsion  heli- 
copters (without  wings) , the  program  uses  the  input  value 
of  maneuver  load  factor.  In  the  case  of  a wing  or  compound 
helicopter,  it  does  this  by  comparing  the  magnitude  of  the 
input  maneuver  load  factor  with  the  value  calculated  for  gust 
load  factor.  The  gust  load  factor  is  evaluated  at  the  alti- 
tude at  which  maximum  operating  equivalent  airspeed  (Vj^q^ 
equal  to  the  speed  for  maximum  operating  Mach  number  (Mfijo)  so 
long  as  the  altitude  falls  in  the  band, 

0 < < 20,000  ft 

The  gust  load  factor  is  calculated  at  the  speed  (see  Refer- 
ence 11)  which  is  taken  to  be  equal  to  Vj^q/^MO*  user 

finds  that  his  aircraft  is  gust-critical  at  other  than  the 
V condition,  he  must  manually  calculate  the  expected  load 
factor  and  insert  that  value  in  the  program  as  a dummy  maneuver 
load  factor. 

4.11.1  Weight  Trend  Data 

The  weights  subroutine  section  of  HESCOMP  represents  one 
approach  for  determining  the  individual  and  group  weights 
which  make  up  the  weight  empty  of  an  aircraft.  The  aircraft 
weight  is  divided  into  subgroups,  as  shown  in  Table  4-10, 
and  is  in  general  accordance  with  the  weight  and  balance  data 
reporting  procedures  and  forms  for  Aircraft  and  Rotorcraft 
described  in  Military  Standard  1374.  A copy  of  Part  I (Group 
Weight  Statement)  is  included  at  the  end  of  this  section.  A 
flow  chart  describing  the  weights  subroutine  is  shown  in 
Figure  4-31. 
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TABLE  4-10.  WEIGHT  SUMMARY  FORM 


CROSS  WEIGHT 


FORM  2«atl  12/721 
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*2STR«42MAX*»N2T0 
«4HI«VT«A2STR 
MR  - J.5«IMa 


Weight  Trends  Subroutine  Flow  Chart 


Figure  4-31.  Weight  Trends  Subroutine  Flow  Chart 
(Part  2 of  6)  . 
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Figure  4-31.  Weight  Trends  Subroutine  Flow  Chart 
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Figure  4-31.  Weight  Trends  Subroutine  Flow  Chart 
(Part  6 of  6) . 


The  trend  equations  shown  on  the  weights  subroutine  flow  chart 
and  those  presented  in  the  text  produce  the  same  results , 
although  they  are  not  necessarily  written  in  the  same  form. 

The  flow  chart  equations  express  the  text  trends  in  the  term 
used  in  other  parts  of  the  computer  program. 

The  primary  purpose  of  this  weights  subroutine  is  to  provide 
a consistent  method  for  rapidly  estimating  the  operational 
weight  empty  and  fuel  available  for  the  missions  of  various 
types  of  helicopters.  The  results  obtained  from  the  trend 
equations  will  depend  largely  on  engineering  experience  and 
the  judgment  exercised  in  selecting  the  various  trend  con- 
stants. The  weight  trend  equations  were  developed  by  A.  H. 
Schmidt  and  R.  H.  Swan  of  Boeing  Vertol  Company. 

An  explanation  of  the  weight  trends  and  instructions  for 
completing  the  weight  input  sheet  are  included  in  the  text 
As  an  additional  aid  for  filling  out  the  weight  input  sheet, 
the  page  numbers  defining  the  various  k terms  are  included 
with  the  respective  terms  on  the  weight  input  sheet.  Table  4-11. 

Weight  trends  developed  at  Boeing  were  used  to  determine  the 
structure  weights.  Table  4-10,  items  1,  6,  and  10;  flight 
control  weights,  item  22;  and  the  control  and  propulsion 
system  weights,  items  2,  5,  18  and  21.  The  trends  were  de- 
veloped from  existing  aircraft,  and  use  design  and  geometric 
parameters  to  compute  the  weights  of  the  various  components . 

For  aircraft  on  which  limited  information  is  available,  such 
as  compound,  winged  and  propulsive  tail  helicopters,  the 
trend  constants  have  been  adjusted  to  account  for  the  design 
features  typical  of  the  particular  configuration.  Alighting 
gear  weights,  item  9,  are  a function  of  the  design  takeoff 
weight  and  are  based  on  statistically  derived  percentages 
of  the  respective  gross  weights.  Engine  weights,  item  13, 
were  determined  from  information  compiled  from  engine  manu- 
facturers. Engine  installation  weights,  items  14,  15,  16,  17 
and  19,  are  expressed  as  a percentage  of  the  dry  engine  weight. 
Fuel  system  weight,  item  20,  is  determined  on  a poiind  per 
gallon  of  fuel  required  basis.  Fixed  equipment  weights, 
items  24  through  41,  are  discussed  in  the  text. 

Table  4-10  is  representative  of  a typical  weight  summary  form 
used  for  military  aircraft.  Weight  definitions  as  used  in 
MIL-STD-1374  and  weight  handbooks  follow. 
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6.2.3  Weight  Definitions  - As  used  in  IIIL-STD-1374  and  Weight 
Handbooks. 


AIRFRAME  UHCT  WEIBHT 


Primarily  Structure  Weight 

Used  in  cost  and  wurh  loau 
evaluations . Defined  in 
Cost  Information  Report 
(CIR)  as  the  Weight  Empty 
(from  MIL-STD-1374)  less 
specific  items  as  noted. 

New  requirements  will  refer 
to  Contractor  Cost  Data 
Reports  (CCDR) . 


Wheels,  brakes,  tires,  tubes,  engines, 
starters,  props,  electrical  units, 




avionics,  etc. 


WEIGHT  EMPTY 


$ 


Weight  of  aircraft  complete 
with  all  systems  as  con- 
figured in  accordance  with 
the  model  detail  specification. 


^Unusable  fuel  and  oil  (including  trapped), 
external  gear  not  disposed  of  during 
flight,  guns  and  other  fixed  items  of 
useful  load. 


1 BASIC 

wEiGirr  1 

Basic  weight  entered  on 
Chart  C of  Weights  Handbook 
for  running  log  weight. 


llMible  engine 
Oil,  crew,  special  mission  equipment 
and  weapons  racks  or  pylons  not  in 
IbssIc  Weight. 


OPERATING  WEIGHT 


Zero  fuel  and  Zero  payload 
aeight  - a convenience  weight 
to  which  operators  need  add 
only  fuel  and  payl'  jd  for 
gross  weight. 


lUsable  fuel,  cargo,  ammunition,  stores, 
land  disposable  externa^  tanks 


"A 


GROSS  WEIGHT 


] — 


Take-off  gross  weight.  Will 
vary  with  mission.  It  is 
the  sum  of  the  weight  empty 
and  the  specified  useful  load, 


Expendable  items  - fuel,  oil,  stores, 
and  expendable  externa]^  tanks. 


, , 

Jumping  gross  weigiitI 
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TABLE  4-11.  HELICOPTER  WEIGHT  INFORMATION 


Incremental  Group  Wts  Nom  = 0 


Variable 

LOC 

Value* 

Variable 

LOC 

Value* 

Variable 

LOC 

Value* 

OWE** 

2601 

4-144 

2605 

4-183 

RM_ 

2608 

4-155 

2602 

4-180 

2606 

4-183 

W.^ 

W^ 

2609 

4-156 

w ^ 

PL 

2603 

2604 

4-180 

4-183 

2607 

4-183 

2610 

2611 

2612 

4-156 

4-156 

4-156 

Group  Weight  Information 


Flight  Controls 


Structural 


Propulsion 


^CC 

^RC 

^SC 

uFW 

k™ 

JSAS 

^RCA 

^SCA 

MISC 

2613 

4-176 

^CG 

^LG 

^MG 

2622 

4-164 

Nrb 

Jrbf 

Nh 

{■cimd 

i^BLDF 

Nr 

Nr 

^R 

2637 

4-158 

2614 

4-176 

2623 

4-164 

2638 

4-158 

2615 

4-176 

2624 

4-166 

2639 

4-158 

2616 

4-176 

2625 

4-166 

2640 

4-158 

2617 

4-176 

2626 

4-155 

2641 

4-158 

2618 

4-180 

2627 

4-155 

2642 

4-163 

2619 

4-180 

Ns 

N? 

Jht 

2628 

4-156 

2643 

4-161 

2620 

4-180 

2629 

4-156 

2644 

4-161 

2621 

4-180 

2630 

2631 

4-161 

4-168 

2645 

2646 

4-161 

4-172 

CLF 
, NAC 
’^AIP 
nACA 

2632 

4-168 

Nds 

Ndsz 

Nbids 

'^ADS 

2647 

4-172 

2633 

4-168 

2648 

4-174 

2634 

4-168 

2649 

4-172 

Nia” 

'Sis 

2635 

4-168 

^ADSZ 

Ns 

2650 

4-172 

2636 

4-168 

2651 

4-170 

2652 

4-169 

Nei 

2653 

4-169 

AEI 

2654 

4-183 

kg 

2659 

4-183 

^12 

2665 

4-183 

^2 

2655 

4-183 

2660 

4-183 

2666 

4-183 

2656 

4-183 

k 

2661 

4-183 

2667 

4-183 

^4 

2657 

4-183 

2662 

4-183 

2668 

4-183 

2658 

4-183 

kl? 

2663 

4-183 

2669 

4-183 

2664 

4-183 

2670 

2671 

4-183 

4-183 

11 

^^20 

MULTIPLICATIVE  FACTORS  NOMINALLY  = 

= 1.0 

2672 

4-183 

2673 

4-183 

*Page  numbers  in  this  document 

**OWE  is  not  necessary  when  OPTIND  = 1,2 
is  not  necessary  when  OPTIND  = 2 


i ' Wing 

I The  weight  of  the  wing  is  determined  using  one  of  the 

= following  three  methods; 


• Method  I 

^ = 220 


I 


Where 


Legend 

= weight  of  wing  - lb 

Rj^  = wing  relief  as  a fraction  of  design  gross  weight 
Wg  = design  gross  weight 

Lf  = helicopter  lift  factor  as  a fraction  of  gross  weight 

2 

= planform  area  of  wing  (taken  from  of  aircraft)  - ft 
b = wingspan  - ft 
B = maximum  fuselage  width  - ft 
X = taper  ratio 


1 


N = ultimate  load  factor 
Vjj  = dive  velocity  - kn 
= aspect  ratio 

k^  = wing  root  thickness  f root  chord 

Method  I is  used  when  a conventional  aircraft  wing  is  employed. 
It  considers  basic  geometry,  design  criteria,  and  relief  terms. 
The  220  constant  represents  a wing  employing  simple  control 
surfaces.  The  220  adjusted  up  or  down  depending  on  the  com- 
plexity of  the  surface  controls  (200-240)  must  be  placed  in 
the  k^  location  on  the  weight  input  sheet.  LF,  representing 
the  wing  unloading  factor,  due  to  rotor  lift^  and  a wing 
relief  value  (0.5  to  0.75)  must  be  entered  as  a fraction  of  the 
design  gross  weight.  The  factors  LF  and  R^  are  nominally  1.0. 
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Method  II 

0.333 

Ww  = 3.15(k) 

Where 

K=S  (WL  +WL) 

W i i o o 

Legend 

= weight  of  wing  - lb 

. 9 

Sw  = planform  area  of  wing  - ft 

Wj^  = inboard  wing  store  weight,  Ib/per  side 

Wq  = outboard  wing  store  weight,  Ib/per  side 

= distance  from  side  of  fuselage  to  inboard  store  - ft 
Lq  --  distance  from  side  of  fuselage  to  outboard  stor^  - ft 


Method  II  is  used  when  a sponson  or  stub  type  wing  is  used 
to  carry  stores  or  weapons.  The  trend  constant  3.15  must  be 
placed  in  k^g  of  the  weight  input  sheet.  W^  and  Wq  must  be 
entered  in  their  respective  locations  in  pounds  per  side. 

Lj^  and  Lq  must  be  entered  as  a fractional  part  of  the  wing 
semi-span. 

• Method  III 

X PSF 


Where 


Wyj  = weight  of  wing  - lb 

Sw  “ planform  area  of  wing  - ft^ 

2 

PSF  = pounds  per  ft 

Method  III  is  used  when  a single  sponson  or  stub  is  employed. 
The  estimated  unit  weight  of  the  wing  in  pounds  per  square 
foot  is  placed  in  ky,p  on  the  weight  input  sheet. 
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Main  Rotors 

The  weight  of  the  main  rotor  includes  the  combined  weights 
of  the  blades  and  hub  and  hinge.  The  weights  are  derived 
from  the  following  equations; 

0.438 

• Blades  (per  rotor)  = 44  a (k) 


Where 


NOTE:  The  last  term  is  a droop  factor,  used  only  if 
the  result  is  greater  than  1. 

0.358 

• Hub  and  Hinge  (per  rotor)  Wjjjj=  61  a (k) 


Where 


1.82„  ^2.5  . 


= K]  H h][‘’R]  H ’ H ["-d 


Legend 

Wjj  = blade  weight  per  rotor  (including  root  end 
fitting) -lb 

a = adjustment  factor 

Wg  = design  gross  weight  per  rotor  (X  0.6  for  tandem) -lb 

LLF  = design  limit  load  factor  at  dgw 

R = rotor  radius-ft 

r = rotation  to  blade  attachment-ft 

c = blade  chord-ft 

b = number  of  blades  per  rotor 

t = maximum  blade  thickness  at  25%  R-ft 

kjj  = rotor  type  factor;  1.00  articulated,  2.2  hingeless 
or  teetering 

k^  = droop  constant;  1000  tandem,  1200  single  rotor 

W]3  = blade  weight  per  blade  (including  root  end 
fitting) -lb 
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jX 


k. 


Nj.  = rotor  rpm 

Pj.  = takeoff  power  X (0.6  for  tandem)  per  rotor-hp 
J'amd  = a X m X d 

a = design  concept;  0.53  hingeless,  1.00  other 
m = material:  steel  = 1.00,  titanium  = 0.54 
d = development  stage:  early  = 1.0,  developed  - 0.62 

In  the  trend  equations  the  constants  44 (blade  trend)  and  61 
(hub  and  hinge  trend)  represent  the  average  for  the  rotor 
weights  presented  in  Figure  4-32  and  4-33.  The  blade  weights 
are  most  representative  of  the  all  metal  blades.  The  adjust- 
ment factor  a is  used  to  adjust  the  k factor  when  special 
design  features  are  considered,  such  as  high  modulus  materials 
(boron,  graphite,  etc.)  or  special  features  associated  with 
the  hub  and/or  hinge.  Refer  to  Figtires  4-32  and  4-33  to  select 
the  a term  which  most  closely  approximates  the  configuration 
being  analyzed.  The  revised  constants  44a  and  61a  must  be 
placed  in  the  kpRs  kpH  locations  on  the  weight  input  sheet 
along  with  the  factors  kpBF  (hb  iri  legend)  and  kamd*  blade 
folding  is  required  the  kpLED  block  on  the  input  sheet  must 
also  be  filled  in.  Blade  folding  is  entered  as  a fractional 
part  of  the  total  rotor  weight.  The  blade  fold  penalty  usually 
runs  between  0.15  to  0.25  of  the  rotor  weight  depending  on 
the  folding  requirements.  The  nominal  value  for  kg^pQ  is  1.0. 

Auxiliary  Rotors  or  Propellers 

When  auxiliary  rotors  or  propellers  are  required,  as  in  the 
case  of  compounds  or  propulsive  tail  helicopters,  the  follow- 
ing rotor/propeller  equation  is  used: 

0.67, 

= 14.2  a (k) 


Where 


Legend 

Wj^  = weight  of  rotor  or  propeller-^lb 
R = rotor  radius-ft 
b s number  of  blades  per  rotor 
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1 
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Figure  4-33.  Rotor  Hub  and  Hinge  Weight  Trend. 


> I 


I:  , 

f:  ^ 


i. 


c = 


HP>  = 


Vtl 

r 


blade  chord  (average) -ft 
horsepower  (xmsn  limit  per  rotor) 
design  limit  tip  speed-ft/sec 


center  line  of  rotation  to  average  blade 
attachment  point-ft 


a = adjusting  factor  for  type  of  system  (see  Figure  4-34) 


In  the  trend  equation  the  constant  14.2  is  the  average  for  the 
various  rotor  group  weights  presented  in  Figure  4-34.  The 
expression  a is  the  adjustment  factor  for  the  type  of  system; 
i.e.,  semirigid,  pressure  cycle,  etc.  To  determine  the  value 
of  in  the  propulsion  block  of  the  weight  input  sheet, 
multiply  the  type  of  system  desired  a by  the  constant  14.2. 
Blade  folding,  if  required,  is  entered  in  k^s  as  a percentage 
factor  of  the  total  computed  rotor  weight.  The  input  value 
would  be  between  0.15  to  0.25  depending  on  the  folding 
requirements . 


The  kpj^  block  on  the  weight  input  sheet  allows  the  auxiliary 
rotor  input  power  to  be  increased  or  decreased  as  a fractional 
part  of  input  power.  (kp;^  = 0.9  would  decrease  the  power 
by  10  percent,  1.1  would  increase  the  power  by  10  percent.) 


The  ky.jij^P  block  on  the  weight  input  sheet  allows  the  auxiliary 
tail  rotor  tip  speed  to  be  increased  or  decreased  as  a fractional 
part  of  the  input  tip  speed  (kyipAR  = 0.9  would  decrease  the 
tip  speed  by  10  percent,  1.1  would  increase  it  by  10  percent) . 

The  nominal  input  values  for  kpA  and  kvTAR  is  1.0. 


Tail  Group 


The  tail  group  consists  of  the  horizontal  tail,  vertical  tail, 
ventral  and  tail  rotor.  Tail  weights  are  determined  as 
follows: 


Horizontal  Tail  - Its  weight  is  based  on  a unit  weight 
per  square  foot  (PSF) . The  unit  weight  will  normally 
vary  between  1.0  and  2.0  PSF,  depending  on  the  type  of 
tail  being  employed.  The  unit  weights  of  the  horizontal 
tails  of  some  existing  helicopters  are  presented  as  a 
guide  for  inputting  the  unit  value  in  the  kgij,  block  of 
the  weight  input  sheet. 


OH  - 58A  1.1  lb/ft2  - fixed 

UH  - IH  1.3  lb/ft2  - movaOale 

UH  - IN  1.6  Ib/ft^  - stabilizer 
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If  horizontal  tail  fold  is  required,  input  this  as  a 
percentage  of  the  total  horizontal  tail  weight  in  the 
kg  block  of  the  input  sheet  (refer  to  Table  4-15) . 


• Vertical  Tail  and  Ventral  - The  combined  weights  of 
vertical  tail  and  ventral  are  included  in  the  weight 
of  the  fuselage.  The  combined  wetted  area  of  both 
must  be  add**’  to  the  fuselage  wetted  area. 

• Tail  Rotor  e weight  of  the  tail  rotor  is  derived  from 
the  following  c /erall  rotor  trend  equation: 

W_  = 14.2  a (k)°*®^' 

X\ 

i Where 


L 


k 


Legend 

Wj^  = weight  of  rotor  or  propeller-lb 
R = rotor  radius-ft 
b = number  of  blades  per  rotor 
c = blade  chord  (average) -ft 
HPj.  = horsepower  (xmsn  limit  per  rotor) 
V^i  = design  limit  tip  speed-ft/sec 
r 


= center  line  of  rotation  to  average  blade 
attachment  point-ft 


a = adjusting  factor  for  type  of  system  (see  Figure  4-34) 


This  is  the  scime  equation  used  to  determine  the  weight  of 
the  auxiliary  rotors . The  trend  is  explained  above  under 
Auxiliary  Rotors  or  Propellers.  If  blade  folding  is  reauired, 
a factor  as  a fraction  of  the  computed  tail  rotor  weight  must 
be  placed  in  ki4  on  the  weight  input  sheet.  Fold  penalties 
normally  vary  between  0.15  and  0.25  of  total  rotor  weight 

depending  on  the  fold  requirements.  A value  for  k^R  must  be 
inserted  in  its  proper  location  on  the  weight  input  sheet. 
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Body  Group 

The  weight  of  the  body  structure  is  determined  from  the 
following  equation: 

= 125  a (k)°-®' 


Where 

-■{sn&i 


Legend 

Wg  = structural  design  gross  weight  - lb 
n = ultimate  load  factor 

Sf  = wetted  area  of  fuselage  - ft^  (includes 
fairings,  pod,  vertical  tail  and  ventral) 

Lq  = length  of  cabin  (measured  from  nose  to  end 
of  cabin  floor)  - ft 

= length  of  rampwell  - ft 

ACG  = center  of  gravity  range  at  design  gross  weight  - ft 
^MAX  “ maximum  speed  - kn 
a = body  correction  factor 

Figure  4-35  presents  a group  of  commercial  and  military  single 
and  tandem  rotor  helicopters.  A mean  line  of  125  has  been 
selected  as  the  average  for  all  the  aircraft  shown.  The  body 
correction  factor  a permits  the  125  constant  to  be  corrected 
in  accordance  with  the  configuration  being  analyzed.  When  a 
large  number  of  cutouts  are  required  as  in  the  case  of  large 
doors,  many  windows,  large  floor  cutouts,  etc.,  the  a term 
would  be  greater  than  1.  Where  the  fuselage  is  relatively 
clean,  the  a could  be  less  than  1.  Refer  to  Figure  4-35  to 
select  the  a term  which  best  describes  the  configuration. 

The  revised  constant  125a  is  the  kg  term  to  be  inserted  in 
the  appropriate  box  on  the  weight  input  sheet.  The  center 
of  gravity  range,  in  feet,  must  also  be  placed  in  the  A qq 
block  on  the  input  sheet. 
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PARAMETER  DEFINITION 


STRUCTURAL  DESIGN  GROSS  - 
WEIGHT.  LB. 

ULTIMATE  LOAD  FACTOR 
FUSELAGE  WETTED  AREA  ~ FT^ 
(INCLUDING  FAIRINGS  AND  POOS) 
NOSE  TO  END  OF  CABIN  FLOOR/ 
MAIN  FUSELAGE  ~ FT. 

HORiz  Length  of  ramp  well  ~ ft. 

CENTER  OF  GRAVITY  RANGE  ~FT. 
LEVEL  FLIGHT  SPEED  ~ KNOTS. 
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Figure  4-35. 

Body  Group  Weight  Trend. 
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Alighting  Gear 

For  the  normal  tricyle  gear  geometry,  the  total  landing  gear 
weight  including  the  running  gear  (wheels,  tires,  brakes, 
etc.),  structure  (shock  struts,  drag  struts,  support  structure, 
etc.),  and  controls  (retraction,  steering,  systems,  etc.)  is 
expressed  as  a percentage  of  the  design  gross  weight  where : 

W = (k  ) W 
LG  LG  g 

Where  Wlq  = total  weight  of  the  landing  gear  (including 
tail  bumper) 

k _ landing  gear  weight 
“ gross  weight 

= design  gross  weight 

The  percentage  will  normally  vary  between  0.015  to  0.050 
depending  on  the  design  limit  sink  speed  and  the  complexity 
of  the  system.  Conventional  landing  gear  without  retraction, 
operating  on  improved  runways  normally  run  between  0.015  to 
0.04.  Adding  retraction  usually  adds  another  0.005  to  0.01. 
Skid  type  landing  gear  usually  weigh  about  0.015  times  design 
gross  weight. 

The  main  gear  usually  weighs  about  80  percent  of  the  total 
gear  weight.  The  k term  in  the  weight  expression  above  is 
the  value  that  must  be  placed  in  the  kj^Q  box  of  the  weight 
input  sheet.  The  weight  of  the  main  gear  is  included  by 
placing  0.80,  or  your  estimate  of  the  main  gear  weight  as 
a fraction  of  the  total  gear  weight,  in  the  kjjQ  location 
on  the  weight  input  sheet. 

Table  4-12  is  included  as  a guide  in  selecting  krg.  It 
includes  the  total  gear  weight  as  a percentage  of  the  gross 
weight  for  a sampling  of  helicopters. 

Engine  Section  (Primary  and  Auxiliary) 

The  engine  section  weight  appears  as  item  10  in  Table  4-10. 

It  is  basically  the  engine  mounts,  engine  nacelle  structure 
and  fj.rewalls,  air  induction  and  support  structure. 

• Engine  mounts  - The  weight  of  the  engine  mounts  is 
determined  from  the  expression 


W = N X N \ 

EM  EVE  CLPy 


0.41 
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TABLE  4-12.  LANDING  GEAR  WEIGHTS 


AIRCRAFT 

GROSS  WEIGHT 
(LB) 

TOTAL 

GEAR  WEIOIT 
(IB) 

PERCENT 

OF  GROSS 

WEIGHT 

OH-6  A 

2400 

58 

.024 

XH-51A 

3500 

134 

.038 

BO- 105 

4410 

96 

.022 

UH-IB 

6600 

112 

.017 

UH-ID 

6600 

118 

.018 

UH-IN 

10000 

121 

.012 

UH-34D 

11291 

413 

.036 

AH-56A 

16995 

605 

.036 

CH-46A 

19000 

589 

.031 

CH-3C 

19500 

690 

.035 

CH-46D 

20800 

587 

.028 

CH-46E 

20800 

655 

.031 

HH-3B 

21187 

700 

.033 

CH-47A 

28550 

1060 

.037 

CH-47B 

33000 

1086 

.033 

CH-47C 

33000 

1076 

.033 

CH-53A 

35042 

1014 

.029 

CH-54A 

38000 

1794 

.047 

CH-54B 

64700 

2277 

.035 
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Enter  the  crash  load  factor  N^Lp  in  the  Icclf  block  of 
the  weight  input  block.  (This  considers  both  the 
primary  and/or  auxiliary  engine  sections.) 


• Engine  nacelle  structure,  supports  and  firewalls 
These  items  are  determined  from  the  expression 


^'nac  = Ne  (PSF) 


Enter  the  estimated  unit  weight  in  pounds  per  square  foot 
(PSF)  in  the  kNAC  and/or  the  kuACA  blocks  of  the  input 
sheet.  This  value  normally  varies  between  0.75  and  1.25 
PSF.  It  could  go  as  high  as  2.0  psf  if  the  cowling  is 
used  as  a walkway  or  work  platform. 


• Air  induction  - The  weight  of  the  air  induction  system 
is  determined  from  the  expression 


«RIP  - "e 


<EdIA 


Enter  the  estimated  unit  weight  in  pounds  per  square  foot 
(PSF)  in  the  kAip  and/or  the  k^^jA  blocks  of  the  input 
sheet.  This  value  normally  varies  between  0.7  to  1.0  PSF. 
An  option  is  provided  for  determining  the  weight  of  the 
air  induction  system.  If  kAip  or  kAiA  is  greater  than 
5.0  the  program  automatically  assumes  the  value  is  the 
weight  of  the  air  induction  system  in  pounds. 


The  kijs  term  on  the  input  sheet  is  a nacelle  strut  factor 
used  when  an  engine  is  suspended  from  an  aircraft  employ- 
ing a wing.  Enter  a unit  weight  value  in  PSF  in  the  kjjs 
box.  The  nominal  value  is  0. 
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Legend 


1 


W, 


EM 


N, 


W. 


N 


CLF 


W, 


NAC 


'NAC 


PSF 


W 


AIP 


"DIA 


weight  of  engine  mounts  - lb 


= number  of  primary  engines 


= weight  of  each  primary  engine  - lb 


= aircraft  crash  load  factor 


= weight  of  each  primary  engine  nacelle  - lb 


= wetted  area  of  each  nacelle  - sq.  ft. 


= pounds  per  square  foot 


= weight  of  air  induction  system  - feet 


= primary  engine  DIA  - feet 


= length  of  air  inlet  duct 


The  weight  of  the  primary  and/or  auxiliary  engines  is  deter- 
mined as  part  of  the  engine  sizing  routine  considered  else- 
where in  the  progreun.  There  is  no  provision  for  determining 
the  engine  weight (s)  on  the  weight  input  sheet.  The  A^p  and 
Ki8  and  Ki9  blocks  of  the  input  sheet  provide  a method  for 
adding  weight  to  the  engine (s)  if  desired.  (Refer  to 
Table  4-13. 
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The  engine  installation  veights  represent  the  total  weight  of 
items  14,  15,  16,  17,  and  19  shown  on  the  weight  summary  fopi. 
Table  4-10.  The  weights  of  engine  (primary  and  auxiliary)  in- 
stallation items  will  vary  depending  on  the  type  and  power- 
plant  arrangement  of  the  configuration  being  sized.  No  attempt 
is  made  here  to  describe  all  the  various  approaches  that  may 
be  used  to  evaluate  their  weights,  but  instead  a simple  method 
of  taking  a percentage  of  the  weight  of  the  dry  engines  is  used 
to  define  the  weight  of  the  engine  installation.  The  percent- 
ages applied  will  depend  on  the  judgment  of  the  user.  Table 
4-13  presents  the  engine  installation  weights  as  a percentage 
of  the  engine  weight  for  a group  of  existing  helicopters.  This 
may  be  used  as  a guide  for  selecting  the  weight  fraction  to 
be  placed  in  kpEi  and/or  kj^I  on  the  weight  input  sheet.  An 
option  is  provided  for  determining  the  weight  of  the  engine 
installation.  If  kpgj  or  k;^I  is  greater  than  1.0,  the  prog- 
ram automatically  assumes  the  value  is  the  weight  of  the  engine 
installation  in  pounds. 


Fuel  System 


The  weight  of  the  fuel  system,  defined  as  kpg  in  the  propulsion 
block  of  the  weight  input  sheet,  will  vary  depending  on  the 
capacity,  type,  and  complexity  of  the  system  required.  For 
aircraft  having  simple  fuel  systems  located  in  the  fuselage, 
sponsons  or  wing,  the  value  for  kpg  would  range  between  0.02 
and  0.07;  for  aircraft  requiring  self-sealing  tanks  with  more 
complex  systems,  the  value  would  range  between  0.10  and  0.15. 
The  fuel  system  factors  represent  fuel  system  weight  per  pound 
of  mission  fuel  required. 


Drive  System  (Primary  and  Auxiliary) 


The  weight  of  the  drive  system  (primary  and  auxiliary)  includ- 
ing gear  boxes,  accessory  drives,  shafting,  oil,  supports, 
etc.,  is  derived  from  the  following  equation; 


"ds  = “0  ® 


where 


k,v  = 


Nr 


1/4 
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TABLE  4-13.  ENGINE  INSTALLATION  WEIGHTS 


AIRCRAFT 

AIRCRAFT 

ENG.  WEIGHT 
(LB) 

ENG.  INSTAL. 
WEIGHT 
(LB) 

PERCENT 

OF  ENGINE 
WEIGHT 

OH- 6 A 

142 

36 

.254 

XH-51A 

244 

97 

.398 

BO-105 

424 

81 

.191 

UH-IB 

474 

148 

.312 

UH-ID 

501 

147 

.293 

UH-IN 

727 

164 

.226 

UH-34D 

1387 

260 

.187 

AH-56A 

695 

337 

.485 

CH-46A 

600 

161 

.268 

CH-3C 

611 

130 

.213 

CH-46D 

678 

187 

.276 

CH-46E 

886 

207 

.234 

HH-3B 

649 

136 

.210 

CH-47A 

1160 

173 

.149 

CH-47B 

1188 

175 

.147 

CH-47C 

1350 

244 

.181 

CH-53A 

1432 

283 

.198 

CH-54A 

1804 

193 

.107 

CH-54B 

2094 

394 

.188 

Engine  installation  weights  include  the  total  weight 
of  the  following  items: 

• Engine  Exhaust  System 

• Engine  Cooling 

• Engine  Controls 

• Engine  Starting 

• Engine  Lubrication 
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The  weight  of  the  tail  rotor  drive  system,  including  shaft 
ing,  etc.,  is  derived  from  the  following  equation: 


Wqs  = 300  a (k) 


Where 


^^Total  * 1.1 
^^Rotor 
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Nj^  = rotor  rpm  at  takeoff 


Z = number  of  stages  in  main  rotor  drive 


= configuration  factor;  1.00  for  single  rotor, 
1.30  for  tandem 


a = drive  system  correcting  factor 


The  drive  system  adjusting  factor  a is  used  to  account  for 
type,  number  of  boxes,  special  features,  etc.,  included  in  the 
drive  system.  Figure  4-36  gives  typical  examples  of  the  a 
factor.  To  determine  the  kp^o  and/or  the  k^^ijs  figur®  to  place 
on  the  weight  input  sheet,  multiply  the  250  constant  by  your 
selection  of  a.  The  kp£)S2  and/or  k^^^sz  (number  of  stages) 
must  also  be  placed  in  their  respective  locations  on  the 
input  sheet.  As  a guide  for  determining  the  number  of  stages 
to  input  the  following  is  offered: 


Lightweight  helicopters 

(less  than  10,000  pounds  gross  weight) 


Stages 


• Medium  weight  helicopters 

(10,000  pounds  to  30,000  pounds  gross  weight)  3-4 


• Heavy  weight  helicopters  (more  than 

30,000  pounds  gross  weight)  4-5 


An  additional  guide  in  determining  the  number  of  stages  is 
to  assume  one  stage  for  each  gear  reduction  in  the  drive 
system.  This  would  include  angle  boxes.  (Assume  of  a stage 
for  1:1  angle  boxes.)  The  total  additive  sum  of  the  stages 
resulting  from  this  approach  would  then  be  placed  in  their 
respective  k locations  on  the  input  sheet. 


Tail  Rotor  Drive  System 


= weight  of  the  drive  system  - 
tail  rotor  boxes 


lb  (excluding 


= drive  system  horsepower  rating  (tandem  rotor 
P = 1.2  X takeoff  rating) 


Figure  4-36.  Drive  System  Weight  Trend- Primary  and  Auxiliary. 


: ^ 

r 

Legend 


Wds  “ weight  of  drive  system  - lb 
HP^jotal  ” total  tail  rotor  horsepower 
RPMRotor  “ tail  rotor  design  rpm 

a = drive  system  adjustment  factor 

The  factor  a is  an  adjustment  factor  used  to  account  for  the 
type,  number  of  boxes,  and  special  features,  etc.  included  in 
the  drive  system.  Figure  4-37  gives  typical  examples  of  the 
a factor.  To  determine  the  k^g  value  to  place  on  the  weight 
input  sheet,  multiply  the  300  constant  by  your  selection  of  a. 

Flight  Controls 

The  weight  of  the  flight  control  system  will  vary  depending 
on  the  type  and  system  required  (manual,  power  assisted, 
redundant,  dual  redundant,  etc.)  and  the  type  of  heicopter 
being  configured  (pure,  winged,  coitpound,  propulsive  tail,  etc.) 
Aircraft  control  systems  requiring  power  assistance  and  dual  or 
triple  redundant  components  will  weigh  more  than  configurations 
having  simple,  non-redundant  systems.  Considerations  must  be 
given  to  these  factors  when  determining  the  flight  control 
constants  to  insert  on  the  weight  input  sheet. 

An  equation  which  includes  a combined  series  of  weight  trend 
expressions  applicable  to  most  any  type  of  helicopter  configur- 
ation is  presented  below.  It  includes  factors  which  can  be 
isolated  and  applied  to  the  particular  vehicle  being  analyzed. 
Values  for  the  various  k factors  described  must  be  put  in  their 
proper  locations  on  the  weight  input  sheet.  A description  of 
the  items  comprising  each  of  the  control  sub-groups  is  included 
along  with  a range  of  k input  values.  Refer  to  the  referenced 
trend  curves  included  for  each  of  the  major  control  groups 
as  an  aid  in  selecting  the  respective  k values. 


i 

i 
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Figvire  4-37.  Drive  System  Weight  Trend-Tail  Rotor. 


All  components  from  and  including  the  power 
actuators  up  through  the  pitch  links . Major  items 
included  are  the  actuators,  swashplate,  and 
pitch  links  (Figure  4-39) 


kjjp  = constant  for  main  rotor  systems  and  hydraulics  = 

25  to  35 

All  components  between  the  cockpit  controls  and 
the  rotor  controls  including  actuators,  artificial 
feel  system,  mechanical  programmer,  bellcranks, 
rods,  idlers,  etc.  (Figure  4-40) 

Main  hydraulic  systems  including  pumps,  reservoirs, 
accumulators,  filters,  valves,  lines,  fluid,  and 
supports  (Figure  4-40) 

kp^  = constant  for  conventional  fixed-wing  controls  = 
0.005  to  0.020,  depending  on  complexity  and 
number  of  functions  required 

All  components,  actuators,  and  supports  associated 
with  moving  the  control  surfaces  - LE  umbrellas, 
flaperons,  spoilers,  and  tail  surfaces 

k^j^  = constant  for  tilting  mechanism  - 0.005  to  0.015 

All  components  and  supports  required  to  tilt  the 
wing  including  actuators,  power  control  units, 
mechanical  system,  fittings,  and  hardware.  The 
^TM  will  vary  proportionately  with  the  hinge 

moment  and/or  wing  transition  rate  required.  
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Figure  4-39.  Rotor  Controls  Weight  Trend. 
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POUNDS 


HLH  SINGLE 


HLH  TANDEM 


WEIGHT  OF  SYSTEM  CONTROLS 
AND  HYDRAULICS 


WEIGHT  PER  ROTOR 


PEK  ROTOR 


Figure  4-40.  Rotor  System  and  Hydraulics  Weight  Trend 


^Misc , 


= constant  for  stability-augmented  system  = 

20  pounds  to  100  pounds,  depending  on  system 
required 

= constant  for  auxiliary  rotor  controls 

Similar  to  - provides  rotor  control  weights 
for  auxiliary  propulsive  systems  (pusher  props, 
ducted  fan,  etc,.  Figure  4-41) 

= constant  for  auxiliary  rotor  system  controls 

Similar  to  kg^-  provides  rotor  system  control 
weights  for  auxiliary  propulsive  systems  (pusher 
props,  ducted  fans,  etc..  Figure  4-40) 

= estimated  weight  input  in  pounds  for  any  items 
not  covered  above 


Fixed  Equipment 

The  weight  of  the  fixed  equipment  is  included  in  the  weight 
empty  and  consists  of  the  following  groups:  auxiliary  power- 
plant,  instruments,  hydraulics  and  pneumatics,  electrical, 
avionics,  armament,  furnishings  and  equipment,  air-conditioning, 
anti-icing  and  load  and  handling  (Table  4-10) . 

The  weight  of  the  fixed  equipment  will  vary  with  the  type  and 
requirements  of  the  aircraft  under  studv.  The  largest  variation 
in  fixed  equipment  weights  usually  appears  in  the  avionics 
and  the  furnishings  and  equipment  groups.  The  avionics  group 
reflects  communication  emd  navigational  requirements;  the 
furnishings  and  equipment  group  normally  reflects  cabin  size 
and  personnel  accommodations  (pilots  seats,  troop  seats,  etc.). 
Table  4-14  presents  some  typical  examples  of  the  fixed  equip- 
ment weights  for  some  existing  military  helicopters. 

The  total  weight  of  the  fixed  equipment,  Wpg,  must  be  placed 
in  the  Wpg  block  of  the  weight  input  sheet. 

Fixed  Useful  Load 

The  weight  of  the  fixed  useful  load  represents  a portion  of 
the  useful  load.  It  includes  the  crew,  trapped  and  lanusable 
fuel  and  oil,  guns,  weapons,  racks  or  pylons  and  any  other 
fixed  items  of  useful  load  which  matkes  the  aircraft  operational. 
Typical  weights  for  fixed  useful  load  items  are  included  in 
Table  4-14  as  a guide  for  inputting  a number  in  the  WpuL 
block  of  the  weight  input  sheet. 
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CH-53A 


^RCh 

*^RCA 


Figure  4 


%CA  = WEIGHT  OF  ROTOR  CONTROLS 
Wj^  = WEIGHT  OF  ROTOR  ASSEMBLY 


300  1,000  - 10,000 
Wg  (EACH) 


41.  Auxiliary  Rotor  Controls  Weight  Trend. 
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BOEING  VERTOL  COMPANY 

WEIGHT  SUMMARY  • PRELIMINARY  DESIGN 

(MtL*STD-IS74) 

• 

' 1 ’ ' 

TABLE  4-14. 

FIXED 

EQUIPMENT  AND  FIXED  USEFUL  LOAD  WE 

CGHTS 

CH-46A 

CH-47A  CH-53A  CH-3C  |aH-56A 

107-11-10 

SURFACES 


ROTOR 


BODY 


BASIC 


SECONDARY 


ALIGHTING  GEAR  GROUP 


ENGINE  SECTION 


PROPULSION  GROUP 


ENGINE  INST'L 


EXHAUST  SYSTEM 


COOLING 


CONTROLS 


STARTING 


PROPELLER  INST’L 


LUBRICATING 


FUEL 


DRIVE 


FLIGHT  CONTROLS 


AUX.  POWER  PLANT 


INSTRUMENTS 


HYDR.  a PNEUMATIC 


ELECTRICAL  GROUP 


AVIONICS  GROUP 


ARMAMENT  GROUP 


FURN.  ft  EQUIP.  GROUP 


ACCOM,  FOR  PERSON. 


MISC.  EQUIPMENT 


FURNISHINGS 


EMERG,  EQUIPMENT 


AIR  CONDITIONING 


ANTI-ICING  GROUP 


LOAD  AND  HANDLING  GP. 


FIXED  EQUIP,  WEIG 


CREW 


TRAPPED  LIQUIDS 


ENGINE  OIL 


URVIVAL  KIT 


RMOR 


S 


TTENDANT 


AGGAGE 


FUEL 


fixed  useful  load  p90 


90 

669 

1 

1761 

2097 


. -■ 


Payload 

The  weight  of  the  payload  is  determined  by  the  mission  re- 
quirements. The  total  weight  of  the  payload  must  be  put  in 
the  Wpj^  block  of  the  weight  input  sheet. 

Incremental  Group  Weights 


The  incremental  group  weights  section  of  the  weight  input 
sheet  is  provided  to  enable  the  user  to  add  fixed  increments 
of  weight  where  desired.  Definitions  and  values  for  some  of 
the  items  in  this  group  have  already  been  discussed.  AWp^^ 
AWp,  and  A W31P  represent  incremental  weights  of  the  flight^ 
controls  group,  propulsion  group,  and  structural  group, 
respectively.  Any  value  inserted  in  the  incremental  group 
weight  section  remains  consteint  regardless  of  gross  weight. 
The  nominal  value  for  any  block  in  this  section  is  0,  except 
for  which  is  nominally  1.0. 

Group  Weight  Information 


The  nominal  value  for  items  in  this  section  of  the  weight  input 
sheet  is  0,  except  as  noted  in  the  text.  All  blocks  must  be 
filled  in.  Definitions  and  constants  for  the  various  k factors 
have  been  previously  discussed  in  the  respective  subgroup 
definitions. 

Multiplicative  Factors 

The  multiplicative  factors  described  as  through  K^q  on  the 
weight  input  sheet  provide  the  capability  of  performing  weight 
sensitivity  studies.  The  factors  are  nominally  1.  All  blocks 
must  be  filled  in.  To  vary  the  weight  of  euiy  subgroup  (k^Q, 
kfl,  kps,  etc.),  insert  the  desired  value  in  the  appropriate 
multiplicative  box.  Refer  to  Table  4-15  to  relate  the 
various  k factors  with  their  respective  groups.  Inserting 
a value  of  1.1  would  increase  the  weight  of  the  respective 
group  by  10  percent;  a value  of  0.9  would  decrease  it  by  10 
percent,  etc.  The  values  in  this  group  will  vary  with  gross 
weight. 
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TABLE  4-15. 

MULTIPLICATIVE  FACTORS 


K 

LOCATION 

LETTER 

CODE 

DESCRIPTION 

K1 

2654 

%C 

WEIGHT 

OF 

MAIN  ROTOR  CONTROLS 

K2 

2655 

wsc 

WEIGHT 

OF 

MAIN  ROTOR  SYSTEM  CONTROLS 

K3 

2656 

Wpw 

WEIGHT 

OF 

FIXED  WING  CONTROLS 

K4 

2657 

wrca 

WEIGHT 

OF 

AUXILIARY  ROTOR  CONTROLS 

K5 

2658 

WSCA 

WEIGHT 

OF 

AUXILIARY  ROTOR  SYSTEM  CONTROLS 

K6 

2G59 

Wb 

WEIGHT 

OF 

BODY 

K7 

2660 

wlg 

WEIGHT 

OF 

LANDING  GEAR 

K8 

2661 

ww 

WEIGHT 

OF 

WING 

K9 

2662 

Wht 

WEIGHT 

OF 

HORIZONTAL  TAIL 

1 

KIO 

2663 

WnAC 

WEIGHT 

OF 

PRIMARY  NACELLE 

Kll 

2664 

WnACA 

WEIGHT 

OF 

AUXILIARY  NACELLE 

K12 

2665 

WPRB 

WEIGHT 

OF 

PRIMARY  ROTOR  BLADES  1 

1 

K13 

2666 

WpH 

WEIGHT 

OF 

PRIMARY  ROTOR  HUB 

K14 

2667 

Wtr 

WEIGHT 

OF 

TAIL  ROTOR 

1 

K15 

2668 

War 

WEIGHT 

OF 

1 

AUXILIARY  ROTOR 

K16 

2669 

WPDS 

WEIGHT 

OF 

PRIMARY  DRIVE  SYSTEM 

K17 

2670 

^KDS 

WEIGHT 

OF 

AUXILIARY  DRIVE  SYSTEM 

K18 

2671 

WpE 

WEIGHT 

OF 

PRIMARY  ENGINE 

K19 

2672 

Wae 

WEIGHT 

OF 

AUXILIARY  ENGINE 

K20 

2673 

Wtrds 

WEIGHT 

OF 

TAIL  ROTOR  DRIVE  SYSTEM 
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4.11.2  Aircraft  Balance 


A preliminary  aircraft  balance  for  single  rotor  helicopters  is 
included  in  the  program  which  locates  the  main  rotor  system  ^ 
relative  to  the  required  center  of  gravity  of  the  operating 
weight  empty  of  the  aircraft.  A description  of  the  input 
values  to  be  included  on  the  weight-balance  information  sheet 
(page  2 of  the  weight  information  sheet)  follows; 


MAIN  ROTOR 


DMR/2 

.OPERATING  WEIGHT 
empty  eg 


Loc  2678  Center  of  gravity  of  the  fuselage,  measured  from  the 
nose  of  the  aircraft,  as  a fractional  part  of  1b. 

Loc  2679  Distance  in  feet  between  the  OWE  center  of  gravity 
and  the  main  rotor  center  line  (negative  value  (-) 
is  forward  of  OWE  eg,  plus  value  (+)  is  aft  of 
OWE  eg)  . 

Loc  2680  Center  of  gravity  of  the  nose  gear  measured  from  the 
nose  of  the  aircraft,  as  a fractional  part  of  1b . 

Loc  2681  Center  of  gravity  of  the  main  gear,  measured  from 

the  nose  of  the  aircraft,  as  a fractional  part  of  1b 

Loc  2682  Center  of  gravity  of  the  primary  engine  package, 
measured  from  the  nose  of  the  aircraft  as  a frac- 
tional, part  of  1b*  The  engine  package  consists  of 
the  engine  section,  engine,  engine  installation 
and  fuel  system. 


I 


Loc  2683  Center  of  gravity  of  the  primary  drive  system 
measured  as  a fractional  part  of  the  distance 
between  the  main  rotor  and  tail  rotor.  The  tail 
rotor  drive  system  weight  and  balance  are  computed 
and  located  automatically. 

Loc  2684  Center  of  gravity  of  the  avionics  system,  measured 
from  the  nose  of  the  aircraft,  as  a fractional  part 
of  Ig. 

Loc  2685  Center  of  gravity  of  the  furnishings  and  equipment, 
cockpit  controls  and  a portion  of  the  useful  load 
(pilot  and  copilot) , measured  from  the  nose  of  the 
aircraft  as  a fractional  part  of  1b • 

Loc  2686  Center  of  gravity  of  the  APU,  measured  from  the  nose 
of  the  aircraft,  as  a fractional  part  of  1b • 

Loc  2687  Center  of  gravity  of  the  auxiliary  engine  package, 
measured  from  the  nose  of  the  aircraft,  as  a 
fractional  part  of  1b*  The  auxiliary  engine  package 
consists  of  the  auxiliary  engine  section,  auxiliary 
engine  and  auxiliary  engine  installation. 

Loc  2688  Center  of  gravity  of  the  auxiliary  drive  system  as 
a fractional  part  of  the  distance  between  the 
auxiliary  engine  and  auxiliary  rotor  system. 

Loc  2689  Center  of  gravity  of  the  auxiliary  rotor  and 

auxiliary  rotor  controls,  measured  from  the  nose  of 
the  aircraft,  as  a fractional  part  of  fcmB* 

Loc  2690  Center  of  gravity  of  the  system  controls,  measured 
from  the  nose  of  the  aircraft,  as  a fractional  part 
of  1b  . 

Loc  2691  Center  of  gravity  of  the  auxiliary  system  controls, 
measured  from  the  nose  of  the  aircraft,  as  a 
fractional  part  of  13. 

Loc  2692  Total  weight  of  the  avionics  group  weight  plus  SAS 
input  from  flight  controls  column  of  weight  input 
sheet. 


Loc  2693  Total  weight  of  furnishings  and  equipment  group 

located  in  the  pilot's  compartment  and  the  weight  of 
the  cockpit  controls  (CC)  as  determined  from  the 
input  constant  in  flight  controls  column  of  weight 
input  sheet. 

Loc  2694  Total  weight  of  auxiliary  power  unit  (APU)  installa- 
tion. 
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j Log  2695  Fractional  part  of  fixed  useful  load  (pilot,  co- 

i pilot,  etc.)  located  in  the  pilot's  compartment. 

I 

Loc  2696  Tail  boom  weight  expressed  as  a fractional  part  of 
the  computed  body  weight.  The  center  of  gravity  of 
the  tail  boom  is  automatically  computed  in  the 
program . 

Items  of  the  operating  weight  empty  not  included  in  the  loca- 
tion descriptions  presented  6d>ove  are  located  at  the  aircraft 
center  of  gravity  as  computed  by  the  balance  subroutine.  An 
exeunple  of  a completed  weight-balance  information  sheet  for  a 
typical  single  rotor  helicopter  is  shown  below. 


WEIGHT-BALANCE  INFORMATION 
(Required  Only  When  MRPIND  > 0) 


Variable 

Loc. 

Value 

(Xfurn/^b) 

2685 

0.334 

(Xapu/Ib) 

2686 

0.424 

(Xae/^b) 

2687 

0 

(XaDS/IXadS) 

2688 

0 

< WSb> 

2689 

0 

(Xsc/1b' 

2690 

0.581 

<*ASc/1^b) 

2691 

0 

Variable 

Loc. 

Value 

'^AV 

2692 

469 

WpuRN 

2693 

416 

*'apu 

2694 

172 

Xfuls 

2695 

0.731 

XtbBS 

2696 

0.130 

Variable 

Loc. 

Value 

**CGF^^B* 

2678 

0.425 

cCCt^ 

2679 

0.10 

<W1b> 

2680 

0.216 

<W1b> 

2681 

0.754 

(Xpe/Ib) 

2682 

0.727 

< ’‘pDS'^"*PDS  ' 

2683 

0.593 

(Xav/1b‘ 

2684 

0.485 



IIIL-STD-1374  PART  I 

No* 


GROUP  WEIGHT  STATEMENT 

AIRCRAFT 

(INCLUDING  ROTORCRAFT) 
ESTIMATED  . CALCULATED  . ACTUAL 
(Crofs  Out  Thot«  Not  Applicable) 


CONTRACT  NO. 

AIRCRAFT.  GOVERNMENT  NO. 

AIRCRAFT,  CONTRACTOR  NO. 

MANUFACTURED  BY 


MIL.STD  I374  PART  I 


wmCGHOUP 


■ASK  snucnnc  ■ cintm  sfcnoN 


■ MmMf  DMTC  PANEl 


■ OUTER  PANEl 


-WOVE 


SKONDARV  STRUCTURE  fncl.  Wing  PoM  WnigM. 


AHERONS  fncl.  loloncn  WnighI 


FIAPS  - TRAKMC  EDGE 


■ lEADtNC  EDGE 


SIATS 


SPOIIERS 


ROTOR  GROUP 


tlAOE  ASSEMRIY 


HUt  A HINGE  Rncl  llodn  FeW  WnigM 


GROUP  WEIGHT  STATEMENT 
WEIGHT  EMPTY 


TAIL  GROUP 


•ASIC  A SECONDARY  STRUCT.  ■ STAtRIZER 


- FIN  fncl.  Donal) 


VENTRAL 


ELEVATOR  tncl.  •olontn  Wnigwl  lb».) 


RUDDERS  Rncl.  Rolonc*  Wnighl 


TAIL  ROTOR  ■ HADES 


■ HUB  A HINGE 


BODY  GROUP 


•ASIC  STRUCTURE  ■ FUSELAGE  or  HULL 


■ BOOMS 


SKONOARY  STRUCTURE  - FUSELAGE  or  HULL 


BOOMS 


SPEEDBRAKES 


DOORS,  RAMPS.  PANELS,  A MISC. 


AIIGHDNG  GEAR  GROUP  (Typo 


LOCATION 


iRvnninn  0«or*|Arroil  Goar*|  Siruclwro  I Controlt 


ENGINE  SECTION  or  NACELLE  GROUP 


BODY  INTERNAL 


. EXTERNAL 


WING  INBOARD 


OUTBOARD 


AIR  INDUCTION  SYSTEM 


DOORS.  PANELS,  A MISC 
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MIL-STai3T4  PART  I 

Nrwp  — _ - _ 

D*i*  - 


Gtour  WfiGHT  STATCMCNT 
USCFM  lOAO  AND  MOSS  WEIGHT 


I 1 

T" 

4 

|~s~ 

, 6 
7 

|~i~ 

IQ 

"IF 

^ 13 

4 

*ir 

■“T 

If 

|lo 

|~Tr 

jj 

21 

24 

25 

I± 

27^ 

2i 

M 

*lo 

IL 

11 

21 

2i 

34 

IL 

3£ 

1* 

il 

41 

4^ 

44 

45 


rM4_ 

M444l_ 


lOAO  CONOmON 


CHW  Plo 


rASSENGIIS  Pto 


FUEL 


UNUSAtlE 


INTEINM 


EXTEINAl 


locatioit 


Typa 


OA 


Golt 


TIAPfED 


ENGINE 


FUEL  TANKS  Secotion  T 

WATf  I INjCCTidN  HUO  I 


Coh.) 


•AGGAGC 


CAIGO 


GUN  INSTAILATIOF4& 


GUFFS 


AMMO. 


SUPPTS 


Ixatiaw  1 Fi».  at  FU»  | Qao»>ity 


WEAPOF4S  IF4STAii.  pacl  Safcaiarix  OaFacFlaa  Eapaadeblatl 


Calibat 


EQUVMEFIT 


SUtVIVAl  KITS  t IPt  SAWS 


OHVGtN 


TOTAi  USIFU  lOAO 


WBOHTENm 


MOSS  WBOMT 


liM 


M>.  Fl»iiiii4  kf  ttit,  l4<mk4>t.  Ckirtat.  4«.  Mmt  Fm  #1  W4iaM  Imfir. 

^■■«l»r  41  aM«  Mu—  xwaiiia  * 
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CtOUP  WEIGHT  STATEMENT 
DIMENSIONAL  AND  STRLKTUIAL  DATA 


MILSTD-I374  PART  I 



Dst* - 


Kapart  _ 


1 

WING.  tOTOt  8 TAIL  GIOLLPS 

irarsi 

IAOKF)  Iff' 

tPAM  Al  *«** 

rs<.  CpOio 

— W S66f-»~~ 

CMOSOIN, 

MAI  IMIC8  •• 

K>Ot  CMOtOaN 

1.46  t4 

CMOtonti  ** 

MAR  IMA  6 " 

1#  ( MtMl'  IM 

2 

WING 

3 

4 

MAIN  ROTOa  (Bladct/lotof  ) 



1 5 

TAR  ROTOR  piodat/Reler  I 

6 ^ 

HORIZ  TAIL 

7 

VERT  TAIL 

8 

9 

AREAS  |S<)  F«.| 

Wing 

^ ' MAM  l6tOt  ' 
•lam  A«A 

MAM  At(A 

Horix.  Toil 

Vort.  Toil 

Dorsol 

no 

fTh«o  for  Wing  A Rotor,  All  Othort  ExpoMd) 

11 

Spood  8rkt. 

Flops  (L.E.) 

Flopi  |T.E.| 

Slots 

Spoilers 

Ailorons 

AREAS  . ISq  Fl.| 

ri3 

80DY  & nacelle  GROLJPS 

longih  |Fl.| 

Ooplh  (Ft.) 

Width  in.l 

wfmc  AtRA  .$o  1’  ’ 

Vol.  (C«.  Fl.| 

VOI  Ptfss  <U  *' 

^ 14 

fUSELAGE  or  HULL 

ROOMS 

NACELLES 

1 

■ '9 

ALIGHTING  GEAR  GROUP 

longtfi  • 

OI«o  Ext. 

Oloo  Trovol 

Longth  • Arrost  Hook 

f 2 b' 

Axlo  to 

Ext.  to  Cellopttd 

Hook  Trunnion  to  Pt. 

LOCATION 

n 

! 22 

DIMENSIONS  (Inchml 

1 23'' 

'ROPULSION  GROUP 

ENGINES 

SiS  TMuSTinlM  fPiO  W TN  AfTIttUtPNt 

il  S ’Ntuv  M Its  iihC 
wiThOu*  aft(Hu*n|I 

MA8  Si  S SMAFI  HP 

Shaft  ipm 

AT  MAR  hP 

26 

MAIN 

27 

AUXILIARY 

[28 

ROTOR  DRIVE  SYSTEM 

Oosign  H P 

Inpot  R.P.M. 

Output  ■ p m 

Al  tOfOt 

Mttt  tO>OR  t*  M 

MUPiMR  CtAR  SOUS 

29 

30 

Protoctod 

Unpretocttd 

Into 

Kol 

J'. 

FUEL  INTERNAL  LOCATION 

No.  TonLs 
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GROUP  WEIGHT  STATEMENT 


AIRFRAME  WEIGHT 


The  Airframe  Weight  to  be  entered  on  line  57  of  page  5 of  the  Group  Weight 
Statement  should  be  derived  hero  In  detail  showing  those  Items  deducted 
from  weight  empty  as  required  by  the  document  "Cost  Information  Reports 
(CIR)  for  Aircraft,  Missiles, and  Space  Systems"  dated  21  April, 1966,  or 
subsequent  revisions  thereto.  Airframe  weight  is  the  same  as  previously 
called  AMPR  andDCPR  and  is  not  to  be  confused  with  "Work  Breakdown 
Structure  (WBS)  Airframe  Cost  Definition. " 


WEIGHT  EMPTY 

DEDUCT  THE  FOLLOWING  ITEMS 
(ITEMIZE) 


AIRFRAME  WEIGHT 
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4.12  PERFORMANCE  CALCULATIONS  SUBPROGRAM 


! 


The  flow  chart  of  the  control  loop  for  the  performance  calcu- 
lations subprogram  Is  shown  in  Figure  4-42.  This  routine 
monitors  the  flow  during  calculation  of  mission  performance 
data  and  calculates  the  total  fuel  required  at  the  end  of  the 
mission. 
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Figure  4-42.  Performance  Calculations  Subprogram  Flow  Chart 
(Part  5 of  5)  . 


4.12.1  Taxi  Calculations  Subroutine 


The  taxi  calculations  subroutine  (specified  by  S6TIND  » 1) , 
calculates  the  fuel  required  to  taxi  at  ground  idlp  engine 
setting  for  a specified  period  of  time.  For  aircraft  which 
have  independent  auxiliary  cruise  propulsion  systems  (AIPIND  = 
2) , the  program  will  calculate  taxi  performance  for  either 
primary  engines  operating  alone,  or  both  primary  and  auxiliary 
cruise  propulsion  engines  operating.  This  is  accomplished  by 
means  of  the  input  constant  kf|.  If  kpj  = 0,  the  program  will 
consider  only  primary  engines  in  operation  in  determining  fuel 
flow  rates.  If  kpj  = 1,  the  program  will  include  both  primary 
and  lift  propulsion  systems  in  calculating  the  fuel  flow  rates 
and  the  corresponding  reduction  in  aircraft  gross  weight. 
Figure  4-43  is  a flow  chart  of  this  subroutine. 

Input  to  this  subroutine  consists  of  the  time  for  taxi,  value 
of  kpx»  and  atmospheric  conditions. 
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Figure  4-43.  Taxi  Calculations  Subroutine  Flow  Chart 
(Part  2 of  2)  . 
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TOLIND  = 4 - 


4.12.2  Takeoff,  Hover,  and  Landing  Calculations  Subroutine 

The  takeoff,  hover,  and  landing  calculations  subroutine 
(specified  by  SGTIND  = 2)  will  calculate  the  thrust  or  power 
required  and  corresponding  fuel  flow  rates  during  simulated 
takeoff /hover/landing  operations.  Pour  options  are  available, 
specified  by  the  input  indicator  TOLIND: 

TOLIND  = 1 - Input  required  thrust-weight  ratio  and  vertical 
rate  of  climb.  Program  will  calculate  required 
power  fractions. 

TOLIND  = 2 - Input  the  required  power  fraction  and  vertical 
rate  of  climb.  Program  will  calculate  thrust- 
weight  ratio. 

TOLIND  = 3 - This  option  is  the  same  as  TOLIND  = 1,  except 

hover  in  ground  effect  is  assumed,  requiring  the 
input  of  height  of  fuselage  bottom  above  ground 
as  a fraction  of  main  rotor  diameter. 

TOLIND  = 4 - This  option  is  the  same  as  TOLIND  = 2,  except 

hover  in  ground  effect  is  assumed,  requiring  the 
input  of  height  of  fuselage  bottom  above  ground 
as  a fraction  of  main  rotor  diameter. 

In  all  cases,  the  program  will  print  out  the  power  fraction 
and  thrust-weight  ratio.  The  program  will  permit  operation 
at  power  fractions  greater  than  1.0  (more  than  100  percent  of 
available  power)  in  order  to  make  it  easier  to  perform  studies 
in  which  engine  power  is  being  varied  parametrically  to  sat- 
isfy specified  takeoff  or  landing  requirements  as  a site.  The 
program  will,  however,  print  a cautionary  note  that  power 
fraction  exceeds  100  percent.  In  the  case  (TOHL  = 2 or  4) 
where  the  required  power  fraction  is  input,  if  the  calculated 
thrust-weight  ratio  is  less  than  the  design  thrust-weight 
ratio  input  (LOG  0228) , the  following  cautionary  note  will  be 
printed:  INSUFFICIENT  POWER  AVAILABLE  TO  HOVER.  T/W  AVAIL- 

ABLE LESS  THAN  T/W  REQUIRED  AT  DESIGN  DOWNLOAD. 

For  a helicopter  configuration  having  auxiliary  independent 
engines,  the  program  sets  the  auxiliary  engine  power  setting 
at  ground  idle. 

It  is  possible  to  use  a hover  segment  in  the  mission  profile  to 
account  for  a reserve  fuel  requirement  (SGTIND  = 20) , in  such  a 
case  the  helicopter  weight  at  the  end  of  hover  is  set  back  to 
the  weight  at  the  beginning  of  hover,  or  as  a part  of  the  basic 
mission  (in  this  case  the  weight  is  not  reset) . In  either 
case,  the  fuel  used  during  hover  is  included  in  the  total  fuel 
required  to  size  the  helicopter. 

Figure  4-44  is  a flow  chart  for  this  subroutine. 
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Figure  4-44.  Takeoff,  Hover,  and  Landing  Subroutine 
Flow  Chart  (Part  3 of  4)  . 


4.12.3  Climb  Calculations  Subroutine 


I t 

I ' 

.1' 


The  third  performance  segment  is  a calculation  of  climb 
performance.  Four  options  are  available,  specified  by  the 
indicator  CLMIND: 

CLMIND  = 1 - The  program  calculates  performance  of  the  air- 
craft in  a maximum  rate  of  climb  ascent  limited 
by  maximum  operating  airspeed  and  maximum  operat- 
ing Mach  number.  In  no  event  will  the  aircraft 
be  required  to  fly  at  an  airspeed  greater  than 
the  input  maximum  operating  airspeed. 

CLMIND  = 2 - The  program  calculates  the  climb  performance  of 
the  aircraft  at  specified  constant  equivalent 
airspeed  limited,  as  before,  by  Mj^q  and  Vj^^. 

CLMIND  = 3 - Climb  performance  is  calculated  at  constant 

specified  Mach  number.  Otherwise,  the  option  is 
similar  to  CLMIND  2. 


i 

I 


CLMIND  = 4 - Climb  will  be  calculated  at  constant  true  air- 
speed with  the  seune  constraints  as  for  CLMIND  >=  2. 

For  all  options,  the  user  may  input  the  power  setting  of  the 
engines  which  will  be  considered  to  be  the  maximum  permissible 
rating.  This  is  accomplished  by  means  of  the  indicator 
POWIND; 

POWIND  = 0:  Maximum 
POWIND  = 1:  Military 

POWIND  = 2;  Normal 

The  user  may  specify  a value  for  incremental  equivalent  flat 
plate  area  parasite  drag  during  climb,  AFecm^B/  to  represent 
variations  in  store  drag. 

Engine  shutdown  during  climb  may  be  simulated  by  inputs  for 
Npsp  (primary  engines)  and  NpgQj  (auxiliary  independent 
engines) . One  or  more  engines  may  be  shutdown. 

If  the  flight  path  (climb)  angle  exceeds  90  degrees,  the 
engine  power  setting  is  reduced  and  the  program  prints  out: 

CAUTION:  CLIMB  ANGLE  TOO  LARGE  DUE  TO  EXCESSIVE  POWER 
AVAILABLE  AT  THIS  FLIGHT  CONDITION.  POWER 
SETTING  REDUCED  TO  ENGINE  RATING. 

If  there  is  insufficient  power  available  for  climb,  the  engine 
power  setting  is  increased  and  the  program  prints  out: 


engine  rating 

J 


CAUTION:  INSUFFICIENT  POWER  AVAILABLE  FOR  CLIMB  AT 

THIS  FLIGHT  CONDITION.  POWER  SETTING 
INCREASED  TO  ENGINE  RATING. 


The  input  has  two  applications.  If  hop^iND  ~ ^ (optimum 

altitude  search)  and  the  climb  is  followed  by  a cruise,  the 
input  value  of  hmax  will  be  interpreted  as  the  maximum  flight 
altitude  for  the  following  cruise.  If  the  optimum  cruise 
altitude  is  determined  by  the  program  to  be  at  an  altitude 
less  than  hj^ax'  climb  will  terminate  at  the  lower  altitude. 
If  an  op)timum  altitude  search  is  not  being  used  or  if  the  fol- 
lowing segment  is  other  than  a cruise,  the  input  hmax 
interpreted  as  the  final  altitude  for  the  climb  segment. 

It  is  possible  to  use  a climb  segment  in  the  mission  profile 
to  account  for  a reserve  fuel  requirement  (SGTIND  = 30)  (in 
such  a case  the  helicopter  weight  at  the  end  of  climb  is  set 
back  to  the  weight  at  the  beginning  of  climb)  or  as  a part  of 
the  basic  mission  (in  this  case  the  weight  is  not  reset) . In 
either  case,  the  fuel  used  during  climb  is  included  in  the 
total  fuel  required  to  size  the  helicopter. 

Figure  4-45  is  a flow  chart  for  this  subroutine. 
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Climb  Calculations  Subroutine  Plow  Chart  (Part  1 of  16) 
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Climb  Calculations  Subroutine  Flow  Chart 


Figure  4-45.  Climb  Calculations  Subroutine  Flow  Chart 
(Part  3 of  16 ) . 
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Figure  4-45.  Climb  Calculations  Subroutine  Flow  Chart 
(Part  8 of  16) • 
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Figure  4-45.  Climb  Calculations  Subroutine  Flow  Chart 
(Part  9 of  16) . 


Climb  Calculations  Subroutine  Flow  Chart 


Figure  4-45.  Climb  Calculations  Subroutine  Flow  Chart 
(Part  13  of  16). 
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Figure  4-45.  Climb  Calculations  Subroutine  Flow  Chart 
(Part  16  of  161 . 


4.12.4  Cruise  Calculations  Subroutine 

The  fourth  performance  segment  is  the  calculation  of  cruise 
performance.  The  cruise  performance  calculation  contains  six 
separate  options  specifying  the  type  of  cruise  for  the  air- 
craft. This  option  is  determined  by  an  input  idnicator, 
CRSIND. 

CRSIND  = 1 - This  is  a calculation  of  helicopter  cruise 

performance  at  a fixed  cruise  power  setting  and 
at  a constant  altitude,  constrained  by  limiting 
airspeed  and  Mach  number.  This  option  calculates 
the  true  airspeed,  helicopter  advance  ratio, 
specific  range,  and  reduction  in  gross  weight 
during  cruise.  In  the  case  of  compound  and  aux- 
iliary propulsion  helicopters,  if  the  auxiliary 
propulsion  power  required  (to  satisfy  the  input 
^AUx/^TOT)  is  greater  than  that  available,  as 
determined  by  POWIND,  Taux/TtOT  is  readjusted  to 
match  the  power  requirements.  It  should  be 
further  noted  that  in  the  case  of  a configuration 
having  auxiliary  independent  engines  POWIND, 
which  specifies  the  desired  power  setting  for  the 
primary  engines,  is  used  as  a limiting  factor  for 
the  auxiliaries. 


CRSIND  =2  - This  option  will  calculate  the  cruise  performance 
constrained  by  cruise  power  and  by  limiting  air- 
speed and  Mach  number  of  the  aircraft  at  constant 
true  airspeed  and  constant  altitude.  The  program 
will  calculate  the  power  setting  required,  true 
airspeed,  specific  range,  and  corresponding  re- 
duction in  gross  weight  of  the  aircraft  during 
cruise.  In  the  case  of  an  auxiliary  independent 
engine  configuration,  if  either  the  primary  or 
auxiliary  engine  power  required  is  greater  than 
that  available,  Taux/Ttot  is  readjusted  accord- 
ingly. Then,  if  a power  required-power  available 
match  is  not  achieved,  cruise  speed  is  reduced. 

CRSIND  = 3 - This  option  calculates  the  airspeed  during  cruise 
required  for  best  specific  range,  constrained  by 
normal  power  setting  and  by  limiting  airspeed  and 
Mach  number.  Flight  is  at  constant  altitude. 

When  auxiliary  independent  engines  are  employed, 
cruise  speed  is  reduced  (Taux/^TOT  being  re- 
adjusted from  its  input  value)  until  both  auxil- 
iary and  primary  power  required  are  less  than 
available. 

CRSIND  = 4 - This  option  will  calculate  the  "long  range 

cruise"  condition;  that  is,  cruise  at  speed  for 
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99%  of  best  specific  range.  Flight  is  con- 
strained by  normal  power  setting,  limiting 
airspeed  and  Mach  number  and  is  at  constant 
altitude.  ' 

CRSIND  = 5 - This  option  is  a calculation  for  a cruise-climb 
at  a constant  value  of  w/6  (airplane  weight  to 
ambient  pressure  ratio) . The  airspeed  will  be 
the  speed  for  best  specific  range. 

CRSIND  = 6 - This  is  a calculation  for  a cruise  climb 

(constant  W/6)  at  the  speed  for  99%  of  best 
specific  range. 

Cruise  power  setting  as  discussed  above  is  defined  by  user 
input  to  be  maximum  (POWIND  = 0) , military  (POWIND  = 1) , or 
normal  (POWIND  = 2)  engine  rating.  This  subroutine  permits 
simulation  of  cruise  performance  of  an  aircraft  with  an  arbi- 
trary number  of  engines  (both  primary  and  auxiliary)  shut 
dovm. 

The  program  user  specifies  the  number  of  engines  shut  down  and  a 
corresponding  increment  in  airplane  equivalent  flat  plate  area 
drag . 

The  user  may  also  specify  a desired  value  of  headwind  when 
CRSIND  = 3 through  6. 

It  is  possible  to  use  a cruise  segment  in  the  mission  profile 
to  account  for  a reserve  fuel  requirement  (SGTIND  =40)  (in 
such  a case  the  helicopter  weight  at  the  end  of  cruise  is  set 
back  to  the  weight  at  the  beginning  of  cruise)  or  as  a part  of 
the  basic  mission  (in  this  case  the  weight  is  not  reset) . In 
either  case,  the  fuel  used  during  cruise  is  included  in  the 
total  fuel  required  to  size  the  helicopter. 

The  input  for  the  subroutine  consists  of  the  final  range  for 
cruise,  the  step  size  (incremental  range) , number  of  engines 
shut  down,  increment  in  drag  coefficient,  atmospheric  condi- 
tions, required  true  airspeed  (if  CRSIND  = 2)  the  headwind 
(if  CRSIND  = 3,  4,  5,  or  6)  and  the  settings  for  CRSIND  and 
POWIND.  Figure  4-46  is  a flow  chart  of  this  subroutine. 
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Figure  4- 46b.  Cruise  Calculations  Subroutine  Flow  Chart  (Part  5 of  8). 
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Figure  4- 4 6c.  Cruise  Calculations 
(Part  2 of  7) . 
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Cruise  Calculations  Subroutine  Flow  Chart 
(Part  3 of  7) . 
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Figure  4-46c.  Cruise  Calculations  Subroutine  Flow  Chart 
(Part  6 of  7) . 
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Figure  4- 4 6c.  Cruise  Calculations  Subroutine  Flow  Chart 
(Part  7 of  7) . 
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Figure  4-46d.  Cruise  Calculations  Subroutine  Flow  Chart (Part  3 of  6) 
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4.12.5  Descent  Calculations  Subroutine  • 

Twelve  different  options  for  descent  performance  calculation 
are  available.  The  options  fall  into  three  different  cat- 
egories: descent  at  constant  true  air  speed  (TAS) , descent 
at  constant  equivalent  air  speed  (EAS) , and  descent  at  con- 
stant Mach  number.  In  addition,  each  type  of  descent  may  be 
calculated  for  a specified  type  of  descent  flight  path, 
specified  by  RMAXND  as  follows: 


Value  of  RMAXND  Type  of  Flight  Path 

0 Descent  flight  path  ends  at 

specified  terminal  range. 

1 Program  checks  terminal  range 

requirement,  but  does  not  match 
it. 

2 Descent  flight  path  ends  at  a 

specified  minimum  altitude,  the 
terminal  range  requirement  not 
being  considered. 

3 Fuel  used  and  time  required  for 

descent  are  calculated,  but  no 
range  credit  is  given  (i.e.  , 
spiral  descent  path) . 

Rate  of  descent  (R/D)  is  always  input.  If  the  airspeed-rate 
of  descent  combination  (as  specified  by  DESIND)  exceeds  the 
descent  bovindaries,  the  airspeed  will  be  held  constant,  while 
the  R/D  is  adjusted  accordingly.  Figure  4-47  in  which  R/D  is 
plotted  against  flight  speed,  illustrates  the  descent 
boundaries.  They  are: 

(a)  Vertical  rate  of  descent  boundary 

(y  = -90°) 

(b)  (vortex  ring  state)  limit  descent  speed  - defined  by 
the  equation 


''VRL 


I V 2pA 


where  T = total  rotor  thriast 
A = disc  area. 

(c)  Autorotative  descent  (power  required  = 0) 


J 
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I . The  distinction  between  the  first  type  of  descent  flight  path 

(as  specified  by  RMAXND  = 0)  and  the  last  three  (RMAXND  = 1, 

2,  3)  in  regard  to  the  range  at  which  the  descent  starts,  when 
terminal  range  is  specified,  should  be  clearly  understood. 

a.  If  RMAXND  = 0,  no  spiral  descent  path  is  permitted.  The 
program  will  calculate  the  value  for  range  at  the  begin- 
ning of  the  descent  which  is  required  to  satisfy  the 
terminal  condition  on  range  amd  altitude.  In  order  to  do 
this,  the  program  "backs  up"  on  the  previous  segment.  If 
this  option  (RMAXND  = 0)  is  used,  the  descent  must  be  pre- 
ceded by  a cruise  segment.  The  input  value  for  maximum 
range  for  the  preceding  cruise  segment  is  a dummny  value 
and  the  cruise  will  actually  terminate,  in  order  to  begin 
descent,  at  an  earlier  point.  It  is  I*') commended,  however, 
that  when  the  RMAXND  = 0 option  is  to  be  used,  the  maximum 
range  during  the  preceding  cruise  be  input  as  the  same 
value  as  the  terminal  range  at  the  end  of  the  following 
descent. 

b.  If  RMAXND  " 1,  the  descent  will  start  at  the  current  value 
for  range  and,  as  previously  described,  the  aircraft  will 
fly  a straight-line  path  to  the  desired  terminal  point. 

; If  the  predicted  flight  path  (as  checked  against  the 

specified  terminal  range  by  the  program)  ends  beyonc  the 
specified  terminal  range,  a spiral  descent  path  from  the 
■ autitude  at  that  point  to  the  final  altitude  is  assumed. 

If  the  predicted  flight  path  ends  before  reaching  the 
specified  terminal  range  point,  the  program  prints 
"SHALLOWER  DESCENT  REQUIRED".  The  descent  may  follow 
any  other  segment  (climb,  cruise,  etc.)  or  may  start  the 
mission. 


L' 


c.  If  RMAXND  = 2 or  3,  the  descent  will  start  at  the  current 
value  for  range;  and,  depending  on  the  option  chosen,  will 
either  end  at  the  minimum  altitude  (RMAXND  = 2)  specified, 
with  no  constraint  on  the  resulting  range , or  a spiral 
descent  path  (RMAXND  = 3)  will  be  assumed.  As  with 
RMAXND  = 1,  the  descent  options  may  follow  any  other  seg- 
ment, or  may  start  the  mission.  , 

An  increment  in  aircraft  parasite  drag  may  be  input  in  order  to 
simulate  the  effects  of  dive  brakes,  external  stores,  etc.  It 
is  possible  to  use  a descent  segment  in  the  mission  profile 
to  account  for  a reserve  fuel  requirement  (SGTIND  = 50) (in 
such  a case  the  helicopter  weight  at  the  end  of  descent  is  set 
back  to  the  weight  at  the  beginning  of  descent) or  as  a part  of 
the  basic  mission  (in  this  case  the  weight  is  not  reset) . In 
either  case,  the  fuel  used  during  descent  is  included  in  the 
total  fuel  required  to  size  the  helicopter. 

Input  to  the  subroutine  consists  of  the  settings  for  DESIND 
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and  RMAXND,  atmospheric  conditions,  R/D,  the  propulsive  thrust 
split,  the  incremental  parasite  drag,  the  operating  wing  lift 
coefficient  (winged  and  compound  helicopters),  the  final  alti- 
tude, the  step  size,  the  required  TAS,  EAS  or  Mach  number,  the 
terminal  range  requirement  (RMAXND  =0,  1)  and  the  number  of 
engines  shut  down.  Subroutine  DESPOW  (which  is  called  by  the 
Descent  calculations  subroutine)  calculates  the  power  required 
for  descent  at  the  desired  flight  conditions.  Figure  4-48  is 
a flow  chart  of  subroutine  DESPOW  and  Figure  4-49  is  a flow 
chart  of  the  descent  calculations  subroutine. 
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Figure  4-48.  DESPOW  Subroutine  Flow  Chart  (Part  1 of  2) 
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Figure  4-49.  Descent  Calculations  Subroutine  Flow  Chart 
(Part  1 of  6) . 


Figure  4.49.  Descent  Calculations  Subroutine  Flow  Chart 
(Part  2 of  6) . 
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Figure  4-49.  Descent  Calculations  Subroutine  Flow  Chart 


4.12.6  Loiter  Calculations  Subroutine 


The  sixth  performance  segment  represents  a calculation  of 
helicopter  loiter  performance.  In  this  subroutine,  the  heli- 
copter will  fly  at  the  airspeed  for  best  endurance.  This 
subroutine  calculates  the  power  required  and  the  airspeed  to 
maximize  the  endurance  of  the  helicopter.  It  also  determines 
the  fuel  required  to  loiter  for  a specified  period  of  time. 

Engine  shutdown  during  loiter  may  be  simulated  by  inputs  for 
NpsD  (primary  engines)  and  Npsoi  (auxiliary  independent 
engines) . One  or  more  engines  may  be  shutdown.  An  increment 
in  helicopter  drag  (AFeLOjTEn)  may  be  input  to  represent  drag 
changes  due  to  external  stores,  windmilling  propellers  (in  the 
case  of  a compound  helicopter  using  propellers),  etc. 

For  a compound  helicopter,  the  split  of  propulsive  thrust 
required  between  the  main  rotor  and  the  auxiliary  propulsion 
system  may  be  specified  by  an  input  for  (T^^ux/^TOT^  • 

It  is  possible  to  use  a loiter  segment  in  the  mission  profile 
to  account  for  a reserve  fuel  requirement  (SGTIND  = 60)  (in 
such  case  the  helicopter  weight  at  the  end  of  loiter  is  set 
back  to  the  weight  at  the  beginning  of  loiter)  or  as  a part 
of  the  basic  mission  (in  this  case  the  weight  is  not  reset) . 
In  either  case,  the  fuel  used  during  loiter  is  included  in  the 
total  fuel  required  to  size  the  helicopter. 

The  input  to  this  subroutine  consists  of  the  time  for  loiter, 
step  size  (incremental  time) , the  incremental  parasite  drag 
area,  the  number  of  engines  (primary  and  auxiliary  independent) 
shut  down,  the  atmospheric  conditions,  the  operating  wing  lift 
coefficient  (in  the  case  of  compound  and  winged  helicopters) , 
and  the  propulsive  thrust  split.  A flow  chart  of  this  sub- 
routine is  shown  in  Figure  4-50. 
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Figure 


1-50.  Loiter  Calculations  Subroutine  (Part  1 of  7) 
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Figure  4-50.  Loiter  Calculations  Subroutine  (Part  3 of  7) . 
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Figure  4-50.  Loiter  Calculations  Subroutine  (Part  5 of  7) 
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Figure  4-50.  Loiter  Calculations  Subroutine  (Part  7 of  7) 
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4.12.7  Change  of  Weight  Subroutines 

The  seventh  and  eighth  performance  segments  represent  an 
incremental  change  in  weight  of  fuel  or  payload.  These 
options  would  be  used  to  simulate  refueling,  unloading  or 
loading  of  passengers,  or  a fuel  drop.  The  input  to  the  sub- 
routines consists  of  the  increment  in  weight  and  a correspond- 
ing increment  in  time.  The  fuel  or  payload  weight  which  is 
added  is  not  allowed  to  increase  the  aircraft  weight  to  a 
value  greater  than  the  gross  weight  unless  a performance  case 
is  being  run  and  WGTIND  = 1.  Inputting  a large  value  for  the 
increment  in  weight  will  bring  the  aircraft  weight  up  to  gross 
weight  if  WGTIND  = 0 or  a sizing  case  is  being  run.  Figures 
4-51  and  4-52  are  flow  charts  of  these  subroutines. 


4.12.8  Transfer  Altitude 


There  are  many  different  applications  for  which  a discon- 
tinuous change  in  altitude  may  be  desirable: 

1.  The  flight  profile  may  require  takeoff  at  hot  day,  high 
altitude  conditions  followed  by  climb  from  sea  level  to 
specified  altitude  for  standard  day  conditions. 

2.  It  may  be  required  that  no  credit  be  taken  for  range, 
fuel,  or  distance  during  descent  (for  exeunple. 

Reference  9) . 

1 3.  It  may  be  required  to  study  cruise  speed  at  specified 

power  at  a series  of  different  altitudes.  This  can  be 
accomplished  by  a series  of  very  short  cruise  segments 
interspersed  with  altitude  transfers. 

For  these  and  other  reasons,  the  program  includes  a transfer 
altitude  segment,  specified  by  SGTIND  = 9.  The  only  required 
input  is  the  altitude  to  which  the  aircraft  is  to  be 
transferred. 

Transfer  altitude  may  also  be  used  during  an  optimum  altitude 
search  when  it  is  followed  by  a cruise.  In  that  case,  the 
altitude  which  is  input  represents  the  maximum  altitude  per- 
mitted for  the  subsequent  cruise. 

Figure  4-53  is  a flow  chart  of  this  subroutine. 
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5X)  PROGRAM  INPUT 


5.1  GENERAL 

Input  to  the  program  is  made  by  means  of  a standard  set  of 
input  sheets.  Although  there  are  large  quantities  of  possible 
input,  necessitated  by  the  requirement  to  keep  the  program 
flexible  and  general,  the  input  sheets  have  been  configured 
to  give  maximum  visibility  and  reduce  the  tediousness  of  in- 
putting the  data.  This  has  been  accomplished  through  several 
means : 

1.  All  input  of  a similar  nature  has  been  grouped  together. 
Thus,  all  dimensional  information  is  on  the  same  input 
sheet,  regardless  of  whether  it  is  used  in  the  size  trends 
subroutine  or  elsewhere. 

2.  The  input  sheets  have  been  color-coded  to  distinguish 
between  the  data  required  in  the  sizing  option  (OPTIND  = 1) 
and  the  much  smaller  cunount  of  data  required  for  perform- 
ance calculations  (OPTIND  = 2 or  3) . 

3.  Footnotes  on  the  input  sheets  call  attention  to  input 
which  is  not  required  due  to  selection  of  one  of  the  op- 
tional paths  of  computation. 

4.  For  parcunetric  studies  where  only  one  or  two  variables 
are  being  changed  from  case  to  case,  a special  supple- 
mentary input  sheet  may  be  used,  thus  reducing  the 
quantity  of  paper  work. 

Altogether  there  are  36  different  input  sheets  which  can  be 
loosely  grouped  into  seven  categories;  general  information, 
aircraft  descriptive  information,  mission  profile  information, 
engine  cycle  Information,  rotor  data,  propeller  data,  and 
supplementary  information.  A specimen  copy  of  each  input 
sheet  is  included  in  this  section.  Descriptions  of  input 
variables  and  indicators  are  given  in  paragraphs  5.3.1  and 
5.3.2.  The  use  of  the  various  input  sheets  is  discussed  below 
in  paragraphs  5.1.1  and  5.1.2. 

5.1.1  General  Information 

Input  all  primary  program  indicators  (except  those  for 
specific  mission  segments,  such  as  CRSIND) , mission  initial 
conditions,  reserve  fuel  factors,  and  maneuver  load  factor. 

5.1.2  Aircraft  Description  Information 

5. 1.2.1  D^enslonal  Information  - Input  characterisitc 
geometric  Information  for  aircraft  being  studied. 
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5. 1.2. 2 Propulsion  Infomation  - Input  data  for  numbers  of 
primary  and  auxiliary  independent  propulsion  engines,  pro- 
pellers, propeller  cruise  efficiencies,  etc.,  and  critical 
engine  sizing  conditions.  There  are  three  different  input 
sheets  for  propulsion  information:  one  for  the  primary  en- 
gines (always  used)  and  two  for  use  with  compound  and  auxil- 
iary propulsion  helicopter  configurations.  Of  these  two,  one 
sheet  is  for  propeller  data  and  the  other  for  auxiliary  inde- 
pendent propulsion  engine  data. 

5. 1.2. 3 Aerodynamics  Information  - Input  aircraft  drag 
characteristic  and  (in  the  case  of  compound  and  winged  heli- 
copters) wing  section  lift/drag  characteristics. 

5. 1.2. 4 Weight  Information  - Input  the  factors  and  constants 
for  weight  trends  calculations. 

5.1.3  Mission  Profile  Information 

There  are  seven  input  sheets  for  mission  profile  information. 
They  are: 

1.  Taxi  Information 

2.  Takeoff,  Hover,  and  Landing  Information 

3.  Climb  Information 

4.  Cruise  Information 

5.  Descent  Information 

6.  Loiter  Information 

7.  Change  of  Weight  and  Transfer  Altitude  Information 
(incorporating  change  of  fuel  weight,  change  of  payload 
weight,  and  transfer  altitude) 

Each  input  variable  on  the  mission  profile  sheets  is  repre- 
sented by  an  array  of  ten  input  locations.  The  data  for  these 
locations  is  filled  in  sequentially  by  rows  as  the  particular 
mission  segment  is  used.  For  excunple,  the  first  time  that 
taxi  is  used  in  a particular  case,  the  required  input  informa- 
tion is  filled  in  on  the  first  row  of  the  input  sheet.  Data 
for  the  second  taxi  of  a case  is  filled  in  on  the  second  row, 
and  so  on.  Thus,  up  to  ten  of  any  particular  segment  may  be 
used  in  a case. 


5.1.4  Engine  Cycle  Information 

The  engine  cycle  sheets  may  be  used  to  input  engine  cycle  data 
when  one  of  the  standard  engine  cycles  is  not  used.  The  three 
engine  cycle  sheets  are  divided  into  standard  performance  in- 
formation and  nonstandard  performance  information.  The  stand- 
ard performance  data,  of  which  there  are  two  sheets,  represent 
the  performemce  of  idealized  engine  cycles.  These  data  are 
unlimited  except  for  the  effect  of  engine  ratings,  which  are 
dictated  by  values  of  turbine  temperature.  The  nonstandard 
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performance  represents  limiting  values  of  fuel  flow,  torque, 
rpm  and  other  nonstandard  effects.  It  should  be  noted  that 
auxiliary  independent  engine  input  data  can  be  created  from 
the  HESCOMP  engine  cycle  library  data  simply  by  the  input 
of  the  applicable  engine  cycle  IBM  card  deck,  preceded  and 
followed  by  a "66666"  card.  Nonstandard  auxiliary  independent 
engine  performance  is  input  using  the  sheet  provided  for  that 
purpose. 

5.1.5  Propeller  Performance  Data 

The  propeller  performance  sheets  may  be  used  to  input  data  for 
a specific  propeller  when  using  ripIND  = 1.  The  data  is  input 
as  a table  of  Cp  as  a function  or  C<p  and  J. 

5.1.6  Rotor  Performance  Data 

Rotor  performance  data  can  be  input  in  two  ways.  If  the  short 
form  "aero"  performance  computation  method  is  used  (ROTIND  = 
1),  rotor  data  is  input  using  the  rotor  "cycle"  input  sheet. 
Alternatively,  rotor  performance  data  may  be  input  in  "map" 
form  (ROTIND  =2,  3 in  the  case  of  Type  I "maps"  and  ROTIND  = 

4 fcr  Type  II  "maps")  using  the  ten  input  sheets  (combined 
total  of  Type  I and  II  inputs)  provided  for  this  purpose.  The 
first  sheet  is  for  hover  performance  data  which  is  input  as  a 
table  of  Cph/ct  as  a function  of  Ct/o  and  Mtip  in  the  case  of 
Type  I "map"  and  F.M.  as  a function  of  Ct/o  and  Mtip  in  tha 
case  of  the  Type  II  "map".  The  remaining  four  sheets  are  for 
cruise  performance  data  which  is  input  as  a table  of  Cp/a  as  a 
function  of  y,  Ct'/o,  and  Cx/o  for  the  Type  I "map"  and  L/Dz 
as  a function  of  y,  Ct'/o,  and  X/L  for  the  Type  II  "map". 


5.1.7  Supplementary  Information 

The  supplementary  input  sheet  may  be  used  for  the  second  and 
subsequent  cases  of  a parametric  study.  For  example,  in  the 
case  of  a tandem  rotor  helicopter,  if  the  user  wishes  to 
change  both  the  rotor  overlap/diameter  ratio  (location  0132  - 
see  dimensional  information  sheet)  and  tne  disc  loading 
(location  0173  - see  dimensional  information  sheet) , these 
locations  and  their  new  values  may  be  filled  in  on  the  supple- 
mentary input  sheet. 

Two  typical  problems,  from  input  to  output,  are  discussed  in 
Section  7.6  of  this  manual. 
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BOEING  VERTOL  COIAPANY 

A OlVISiON  or  THE  EOEiMO  COMPANY 

GENERAL  INFORMATION 


HESCOMP  HELICOPTER  SIZING  AND  PERFORMANCE 
COMPUTER  PROGRAM  B-91 


Sheet  no. 

OF 


TITLE 

CARO 

(72) 

(DIGITS) 


OPTION  I _ 
INDICATOR  1 OPTINO 


PRINT  [OPTIOIfAL 

INDICATOR  Mint 


10 

13 

14 

19 

22 

29 

4e 

40 

92 

00 

00 

61 

UNIT 

LOG. 

VALUE 

] 

AERO- 

DYNAMICS 

INDICATORS 


1ST 

ORDER 

Size 

TREND 

and 

PRO-  « 

Pulsion 
INDICATOR 
(ALWAYS 
INPUT)  * 


I ORGIND 
OSWtND 

CNPINO 

AUXIND 

ROMINO 

FIXING 

ROTINO 


0003 

0004 

2ND 

ORDER 

sizr 

TREND 

and 

PRO-  < 

Pulsion 

•NO’C  A TORI 
(OPTIONAL 
INPU  T) 


AlPIND 
ENGINO 
FIXINDI 
TRDIND 
.i  TRSIND 


_^6  i 

0017  I 


MRPIND 

FDMIND 

APHIND 

ESCIND 


initial 

CONOITIOI. 


rutfHT 

CONTROL  IN- 
OtCATO  * 


LIMITING 

SPEED 


.lANCuvAF 

UOAD 

rACTOA 


RESERVE 

FUEL 

FACTORS 


11  = Size  AIRCRAFT 
2 s FKRFORMANCe  ONLY 
a = FUEL  ITERATION 
lo  = STD  PRINT 
|l  = OCTAILCO  FRINT 


1 = COMPONENT  ORA6  SLILO-UP 


0 ~ INPUT  • 

1 = PRO«.  CALC.  • 


MISSION  PROFILE  INFORMATION 

MAXIMUM  OF  SO  CONSECUTIVE  SEGMENTS 

VALUES  OF  SGTIND 

0=  END  OF  MISSION  5=  DESCENT 

1 = TAXI  6=LOITER 

2=T.O.,  HOVER,  LAND  7=CHANGE  FUEL 

3 = CLIMB  8 = CHA.NGE  PAYLOAD 

4=CRUISE  9=TRANSFER  ALTITUDE 

100=  END  OF  CASE 


1 = S:N0LE  ROTOR 

2 = TANDEM  ROTOR 

* 1 = Pure  HELICOPTER 

2 = INCLUDINO  \NINSS  (ONLY)  1.^ 

9 = INCL.AUX.  PROPU  LSION  (ONLY)  ' 

. 4 = COMPOUND  (WINDS  S AUK.  PROP) 

1 - INPUT  OmR,  2 = INPUT  ^ j 

3 = INPUT  0^^„,  Cj/p-  W/A,  (7  ^nd 

. 4 = IN  PUT  W /A,  c,  /cr 

0 = INPUT  FIXED  SIZE  PRIM.  CNO.  J 

1 = PROO. SIZE  PRIM.  ENS. 

1 = SHORT  FORM  ROTOR  PERF.  . , 

2.9  = ROTOR  MAP  INPUT  4tn 

It  - INPUT  C.L 

2 2.*inputw7s  5th 

3 = SIZE  FOP  MANEUVER 

■ 1 = INPUT  bj^/O  ZaL 

2 = INPUT  AiT  0th 

^dnOETER  8Y  PROP  CLEAR 

1 =NO  INDEP.  AUX  . ESOINES  7th 

2 = INDCP.  AUX.  CN  SINES 

0=T/SHAFT  INDCP.  AUX.  CNC.  8th 

1 =T/FAN  OR  T/JET  INOEP.  AUX,  ENC. 

0 = INPUT  FIXED  SIZE  AuX.  (VL 

iNOEp. EN«.  yth 

1 = PROS.  SIZE  AUX.  INDCP. ENG. 

1 =«ROC.USES  OiR  TREND  IrtiL 

2 = INPUT  OtR  lUth 

_ 3 = INPUT  IT /A)  NET 

l=lNPUTaT,  11th 

2 = INPUT  e^/cr 

■ I = INPUT  »R  C . , 

2=INPUTCu",.  '2th 

■’"l’‘PUT  Vets.  *"vT  , 

0 = NO  HCR.  TAIL  lOtn 

1 = FIXED  SIZE  HOR.  TAIL 

. 2 INPUT  TAIL  VOL.  COCFF. 

0=  INPUT  x„/l,  14th 


INOEP.  ENG. 

1 =PRCG.  SIZE  AUX.  INDCP. ENG. 

1 ='>ROG.USES  OiR  TRCNO 

2 = INPUT  OtR 

_ 3 = INPUT  IT /A)  NET 

1 = IN  PUT  CxA 

2 = INPUT  Cj/<T 

■ 1 = INPUT  ARyxj.,  CvT 

2=  INPUT  Vots.ivT 

■ ’ " 'l-OtS'  ''OES-  *"VT 

0 = NO  HCR.  TAIL 

1 = FIXED  SIZE  HOR.  TAIL 

_ 2 “ INPUT  TAIL  VOL.  COCFF. 


WOo 

LBS 

0023 

ho 

FT 

0024 

Ro 

NM 

0025 

^0 

HR 

0026 

0=  INPUT  Xm/1.  14th 

1,2  = PROu.CAVC  XM/lft 

1 = INPUT((0/l)/0),R0T0R  P08N*sl5th 

2 = INPUT(io/E>/DLic 

.3  = iNPUTlc.  ROTOR  P0SN*8  ..  , 

1 = INPUT  hpj  loth 

2 = input  g/8 

1 =SIZC  PRIM.  ENG.  n)R  T/O  ONLYl7th 
2=SIZC  PRIM.CNQ.  FOR  T /O  OR 
J CRUISE 

1 ISth 

GROSS  WEIGHT 

19th 

ALTITUDE 

20th 

RANGE 


0027 

0028 

0029 

0030 

1 ~ CRUISE  • OPT.  ALT. 

MACH  NO. 


24th  0058 
25th  0059 


_M73  _ 

0074 

007i 

0076 

1 

0077 

— 

0078  

0079  

0080  

M8T 

0082 

0083  

0084  1 


Xl 

0032 

( Swp 

LBS 

0033 

1!  Xff 

0034 

OM.  s 1.0 
OM.  = 0.0 

UtL  FLOW  MULTIPLIER 
OM.  s 1 .0 
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NOTES:  input  ONLY  IF: 

a.  AUXIND  = 2,4  •.  CNFIND  = 2 

b.  AUXIND  = 3.4  f.  FIXING  =1 

c.  AlPIND  = 2 

d.  CNFIND  = 1 

NOTE:  WHEN  OPTIND  = 2 OR  3 CONSIDER  ONLY 
THOSE  ITEMS  IN  THE  SHADED  BLOCKS 
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HELICOPTER  DIMENSIONAL  INFORMATION 

>TE;  WHEN  OPTIND  = 2 OR  3 CONSIDER  ONLY 
THOSE  ITEMS  IN  THE  SHADED  BLOCKS 


NOTE 

VARIABLE 

LOC. 

a 

Sw 

lEB 

0101 

b 

w/s 

0102 

c 

bw/D 

0103 

d 

AR 

0104 

(t/c)R 

0105 

(t/c)T 

0106 

A c/4 

B 

0107 

X 

0108 

0109 

□ 

hVhp 
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(t/c)HT 


Vh 


01 

12 

01 

13 

01 

14 

01 

15 

01 

16 

01 

17 

{\F  LOCATED  ON  WING) 


ASyyE-r 


NOTES:  INPUT  NOT  NECESSARY  WHEN: 

0.  S^IND  = 2,3 

j.  MRPIND=  1,2 

b.  SwIND  = 1,3 

k.  CNFIND=  2 

c.  bwlND  = 2,3 

1.  FDMIND  = 3 

d.  b^IND  = 1,3 

m.  FDMIND=2 

•.  AUXIND=  1,3 

n.  VTFIND=  2 

f.  S*IND=  1,2 

p.  VTFIND  = 3 

g.  HTIND=  1 

q.  VTFIND  = 1 

h.  HTIND  = 2 

r.  AlPIND  = 2 

i.  bwIND  = 1,2 
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38 
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01 

41 
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SHEET  NO. 
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NOTE:  WHEN  OPTIND  = 2 OR  3 CONSIDER  ONLY 
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ENGINE  CYCLE  DATA;  NON-STANDARD  PERFORMANCE 
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OUTPUT  SHAFT  SPEED  CORRECTION 


D 

VALUES  OF  Ni-  V, 


VALUES  O 


LOC 

VALUE 

1207 

1208 

1209 

1210 

1211 

1212 

1213 

1214 

1215 

1216 

llOPT 


VALUES  OF  KpN 


LOC 

VALUE 

1225 

1226 

1227 

1228 

1229 

. ... 

1230 

1231 

1232 

1233 

1234 

LOC 

VALUE 

1238 

1239 

1240 

1241 

1242 

1243 

1244 

1245 

1246 

1247 

LOC 

VALUE 

1248 

1249 

1250 

1251 

1252 

1253 

1754 

1255 

1256 

1257 

INPUT  THIS  TABLE  IF  RNOIND  = 1 


INPUT  THIS  TABLE  IF  N2IND  = 2 AND 

NON-.S'^  ANDARD  CORRECTION  IS  DESIRFD 
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ENGINE  CYCLE  DATA;  NON-STANDARD  PERFORMANCE 


AUXILIARY  INDEPENDENT  ENGINE  DATA 


VAUIE 


INPUT  IF  WDTINDI  = 1 


INPUT  IF  N1INDI  - 1 


INPUT  IF  N10INDI  •=  1 


INPUT  IF  N2INDI  » 1, 2 


INPUT  IF  QINDI  = 'I 


0 - NO  FUEL  FLOW  CUTOFF 

1 “ FUEL  FLOW  CUTOFF  N2INDI 


NO  N2  CUTOFF;  OPTIMUM  N2  VARIATION 
N2  CUTOFF;  OPTIMUM  N2  VARIATION 
N2  CUTOFF;  NON-OPTIMUM  N2  VARIATION 


0-NON1  CUTOFF 
1 “ N1  CUTOFF 


0 = NO  TORQUE  CUTOFF 

1 = TORQUE  CUTOFF 


0 = NO  REFERRED  N1  CUTOFF 

1 * REFERRED  N1  CUTOFF 


NidiNDI 


QINDI 


jTAt^Li  i Loc  I Value 


0 = NO  REYNOLDS  NO.  CORRECTIONS 

1 » REYNOLDS  NO.  CORRECTIONS 


AMOmOi 


REYNOLDS  NO.  CORRECTION  FACTOR 


OUTPUT  SHAFT  SPEED  CORRECTION 


VALUES  OF 


VALUES  OF  K, 


VALUES  OF  K, 


value 


VALUE 


INPUT  THIS  TABLE  IF  RNOINDI  ' 1 


INPUT  THIS  TABLE  IF  N2INOI  » 2 AND 
NON-STANDARD  CORRECTION  IS  DESIRED 


REMARKS 
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ROTOR  PERFORMANCE  MAP 


LOG  I VALUE 


VALUE 


HOVER  PERFORMANCE 


VALUES  OF  Ct/0 


VALUES  OF  M. 


VALUE 


VALUE 


INPUT  VALUES  OF  Cp  la  FOR  COMBINATIONS 


LOC  VALUE 


LOC  VALUE 


LOC  VALUE 


LOC  VALUE 


LOC  VALUE 


LOC  VALUE 


Ct/O)i0 


NOTE.  Ct  a Cp  ARE  IN  "ROTOR"  NOTATION 


LOC 

VALUE 

1'  NiLOPCjArs 

«04 

LOC 

VALUE 

2716 

PROPULSIVE  FORCE 


§ 

o 

n 

s 
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ROTOR  PERFORMANCE  "MAP"  

(ROTIND  = 4) 


5 . 3 PROGRAM  INPUT 


5.3.1  Program  Variables 


AF 

AR 

AR^p 


AR 


■FP 


AR 


HT 
ARyr 

^ (bMR'^^R^ 

bj^/D 

C 


Activity  factor  (per  blade)  of  propeller 
Wing  aspect  ratio 

Aft  rotor  pylon  aspect  ratio  (tanden  rotor 
helicopter)  ^ 

( 

Forward  rotor  pylon  aspect  ratio  (temdem  ' 


t- 


rotor  helicopter)  “ 

Horizontal  tail  aspect  ratio 

Vertical  tail  aspect  ratio 

Blade  number  per  rotor  or  propeller  ' 

Ratio  of  auxiliazry  independent  engine  nacelle 
strut  span  to  nacelle  diameter 

Ratio  of  wing  span  to  main  rotor  diameter 

Tail  rotor/fin  blockage  factor 

Baseline  rotor  cruise  profile  drag  coefficient 
(input  in  rotor  "cycle") 


Baseline  rotor  hover  profile  drag  coefficient 
(input  in  rotor  "cycle") 


Aft  rotor  pylon  profile  drag  coefficient  at 
Rg=10'  (based  on  aft  pylon  planform  area) 


Forward  rotor  pylon  profile  drag  coefficient  at 
RqB’IO'^  (based  on  forward  pylon  max  frontal  eurea) 


Cd, 


CSMR 


^DcstR 


Main  rotor  hub  center  section  profile  drag 
coefficient  (based  on  center  section  frontal 
area) 

Tail  rotor  hub  center  section  profile  drag 
coefficient  (based  on  center  section  frontal  area) 


Profile  drag  coefficient  of  horizontal  tail  at 
Rg=10' (based  on  horizontal  tail  planform  area) 
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7 


^DN 


^DNI 


^DNS 


Cn 

°SHMR 

Cn 

“SHTR 


Profile  drag  coefficient  of  primary  engine 
nacelles  at  R^slO'^  (based  on  wetted  area  of  all 
nacelles) 

Profile  drag  coefficient  of  auxiliary  independ- 
ent engine  nacelle  at  R^^IO^  (based  on  wetted 
area  of  all  nacelles) 

Profile  drag  coefficient  of  auxiliary  independent 
engine  nacelle  strut  at  Rg«107 (based  on  wetted 
area  of  strut (s)) 

Main  rotor  hub  shank  profile  drag  coefficient 
(based  on  shank  frontal  area) 

Tail  rotor  hub  shank  profile  drag  coefficient 
(based  on  shank  frontal  area) 


Cdvt 

Cnwi 

Cp/C 

AC.G. 


AC.G. 

X\ 


Ct 

^DES 

^PIN 


CLi 

C 

lOL 


Profile  drag  coefficient  of  vertical  tail  at 
Rg=10'  (based  on  vertical  tail  planform  area) 

Profile  drag  coefficient  of  wing  at  Rg=107 
(based  on  wing  plcmform  area) 

Ratio  of  download  alleviating  flap  chord 
to  wing  chord 

Helicopter  eg  travel  (ft) 

Location  of  main  rotor  in  the  longitudinal 
direction  relative  to  the  aircraft  operating 
weight  empty  (OWE)  eg  position  (ft) 

Wing  lift  coefficient 

Wing  design  lift  coefficient 


Wing  operating  lift  coefficient  at  cruise 
condition  for  engine  sizing 

Tail  fin  design  lift  coefficient 
Tail  fin  cruise  lift  coefficient 


Propeller  integrated  design  lift  coefficient 

Two-dimensional  wing  lift  coefficient  slope 
(Rad.  “^) 
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Propeller  power  coefficient 


(550  HP/pTr*D  ) 


Ratio  of  rotor  power  coefficient  to  rotor 

solidity  {C_„/a  » 550  RHP/PAV*a) 

PH 


(Ctjt/  a) 

(^tg/Ctnet) 

C^/a 


Propeller  thrust  coefficient  ( Thrust/ pn^ O'*) 
Rotor  thurst  coefficient  (Thrust/PAV^jp^) 

Ratio  of  thrust  coefficient  to  rotor  solidity 
(helicopter  Thrust/PAV^Tp2) , includes 
(Ojt/a)  , (C<p/a)Des  (H) , (Cq>7u)cR 

Ratio  of  tail  rotor  total  thrust  coefficient 
to  net  thrust  coefficient,  where  C„  =Cmp-Fin 
blocking  losses 

Rotor  propulsive  thrust  coefficient  divided  by 
main  rotor  solidity.  Used  in  defining  rotor 
limits  Cjf/a  = Thrust  required 

P ^^MR^'^r'^TIp'^  OMR 


T 


^R 

dtre/dfan 


Main  rotor  diameter  (feet) 
Tail  rotor  dieuneter  (feet) 


Equivalent  tail  rotor  diameter/shrouded  tail 
rotor/fan  diameter  used  to  simulate  effect 
of  shrouded  tail  rotor/fan 


DpROP 


Propeller  diameter  ( feet) 


di 


Position  of  inboard  underwing  store 
(fraction  of  wing  semi-span) 


d^  Position  of  outboard  underwing  store 

(fraction  of  wing  semi-spem) 

^Tb/%B  Ratio  of  average  tail  boom  tip  diameter  to 

average  tail  boom  diameter 
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EAS  Equivalent  airspeed  required  during  climb 

and/or  descent 


e Spfm  loading  efficiency  factor 

Increment  in  equivalent  flat  plate  area 
parasite  drag  of  fuselage  (ft^) 

AF.M.  Incremental  figure  of  merit  added  to  results 

obtained  when  using  "short  form  method" . 
Input  only  if  ROTIND  = 1 


F*^  Auxiliary  Indeoendent  engine  maximum  static 

thrust  at  seal  level,  standard  conditions 
(total  thrust  for  all  engines) 


g/s 

(GW/F^) 

h'/hp 


HEADWIND 


Increment  in  equivalent  flat  plate  area  . 

parasite  drag  (climb  performance  segment)  - ft^ 

Increment  in  equivalent  flat  plate  area 
parasite  (cruise  performance  segment)  - ft^ 

Increment  in  equivalent  flat  plate  area 
parasite  drag  (descent  performance  segment)  - ft^ 

Increment  in  equivalent  flat  plate  area  parasite 
drag  (loiter  performance  segment)  - ft^ 

Referred  thrust  for  turbojet/fan  engine  cycles 

Total  maneuver  g requirement  helicopter  must 
satisfy  (wing  + rotor)  - g 

Maneuver  g's  which  rotor  must  carry.  In  the 
case  of  a pure  helicopter,  g^Qj^ip  = gpoT 

Tandem  rotor  gap/stagger  ratio 

Gap  between  tail  rotor  disc  and  main  rotor 
disc  (ft) 

Ratio  of  configuration  design  gross  weight  to 
equivalent  flat  plate  area  parasite  drag  (Ib/ft)^ 

Ratio  of  wing  height  on  fuselage  (relative  to 
the  bottom  of  the  fuselage),  h',  to  the  total 
fuselage  height,  hp. 

Headwind  during  cruise  (knots) 


i 
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1 


I I 

I 


Initial  altitude  at  start  of  mission  (ft) 

Cruise  altitude  for  sizing  main  rotor  solidity  (ft) 

Cruise  altitude  for  sizing  primary  engines  (ft) 

Ratio  of  fuselage  bottom  height  above  ground 
to  main  rotor  diameter 

Final  altitude  for  transfer  altitude  segment 
(SGTIND-9) 


^C(C) 


*BF/D 


TINAL 


^2 

^ax 

^in 


Ah 

J 

^4 

^amd 

^AEI 

•'cc 

•^8 

•^LG 


Aft  rotor  pylon  height  (ft) 

Forward  rotor  pylon  height  (ft) 

Takeoff  altitude  for  sizing  engines  (ft) 

Maximum  altitude  during  climb  (ft)  or  during 
transfer  altitude  (ft) 

Minimum  altitude  during  descent  (ft) 

Step  size  for  climb  or  descent  (ft) 

Height  of  fuselage  (ft) 

Propeller  advance  ratio,  J =V/nD 
Primary  engine  weight  factors 

Primary  engine  weight  factors 

Main  rotor  weight  factor 

Auxiliary  engine  installation  weight  factor 

Body  group  weight  factor 

Cockpit  controls  weight  factor 

Fuel  system  weight  factor 

Fixed  wing  controls  weight  factor 

Landing  gear  weight  factor 
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Main  landing  gear  weight  factor 


Primary  engine  installation  weight  factor 
Main  rotor  controls  weight  factor 
Auxiliary  rotor  controls  weight  factor 


Main  rotor  system  controls  weight  factor 
Auxiliary  rotor  system  controls  weight  factor 


Tail  boom  (on  single  rotor  helicopter)  length 
extending  aft  of  tail  rotor  center  as  a 
fraction  of  teal  rotor  radius 


T. STING 


Detailed  wing  weight  factor 


Single  rotor  helicopter  yaw  moment  of  inertia 
adjustment  factor 

Main  rotor  controls  weight  factor 


Main  rotor  system  controls  weight  multi- 
plicative factor 

Fixed  wing  controls  weight  multiplicative 
factor 


Auxiliary  rotor  controls  weight  multi- 
plicative factor 

Auxiliary  rotor  system  controls  weight 
multiplicative  factor 

Body  weight  multiplicative  factor 

Landing  gear  weight  multiplicative  factor 


Wing  weight  multiplicative  factor 


Horizontal  tail  weight  multiplicative  factor 
Prlmairy  nacelle  weight  multiplicative  factor 


Kll 

Ki2 

Ki3 

Ki4 

Ki5 

K16 


Auxiliary  nacelle  weight  multiplicative  factor 
Primary  rotor  blade  weight  multiplicative  factor 
Primary  rotor  hub  Weight  multiplicative  factor 
Tail  rotor  weight  multiplicative  factor 
Auxiliary  rotor  weight  multiplicative  factor 
Primary  drive  system  weight  multiplicative  factor 


17 


'18 


19 


20 


^AIA 

^AIP 

^ADS 

^ADSZ 


■^ALT.  PAYL. 


"•AP 


'AR 


‘^BLFD 


^CliP 


K 


PP 


Auxiliary  drive  system  weight  multiplicative 
factor 

Primary  engine  weight  multiplicative  factor 

Auxiliary  engine  weight  multiplicative  factor 

Tail  rotor  drive  system  weight  multiplicative 
factor 

Auxiliary  air  induction  system  weight  factor 

Primeury  air  induction  system  weight  factor 

Auxiliary  drive  system  weight  factor 

Auxiliary  drive  system  weight  factor  (nvimber 
of  gears  in  system) 

Ratio  of  alternate  payload  increment  to  design 
payload  (used  in  XMSN  sizing) 

Aft  rotor  pylon  multiplicative  drag  factor 

Auxiliary  rotor  weight  factor 

Blade  fold  weight  factor 

Crash  load  factor 

Forward  rotor  pylon  multiplicative  drag  factor 

Rotor  retreating  blade  stall  profile  drag 
parameters  (input  in  rotor  "cycle") 


Rotor  retreating  blade  stall  profile  drag 
parameters  (input  in  rotor  "cycle") 
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Rotor  advamcing  tip  mach  number  coiq>resslbility 
drag  parameters  (input  in  rotor  "cycle") 


Fuselage  multiplicative  drag  factor 


Kpgjj  Trend  constemt  input  with  GW/Fe  when  DRGIND  = 2 

Kpj  Auxiliary  independent  engines  fuel  flow 

multiplicative  factor  (used  in  TAXI) 


Kpp  Fuel  flow  multiplicative  factor 

^FULS  Fraction  of  fixed  useful  load  located  in 

cockpit  area 


%1 


Rotor  (hover)  blade  profile  drag  parameter 
(input  in  rotor  "cycle") 


Rotor  blade  (hover)  compressibility  drag 
pareuneter  (input  in  rotor  "cycle") 


Rotor  blade  (hover)  con^ressibility  drag 
parameter  (input  in  rotor  "cycle") 

Rotor  blade  (hover)  drag  divergence  Mach 
number  parauneter  (input  in  rotor  "cycle") 


Rotor  hover  induced  power  factor 
(input  in  rotor  "cycle") 


CLIMB 

’'nac 

’^NACA 


Horizontal  tail  multiplicative  drag  factor 

Primary  nacelle  multiplicative  drag  factor 

Helicopter  forward  flight  climb  efficiency 

Primary  cowling  weight  factor  (psf) 

Auxiliary  cowling  weight  factor  (psf) 

Auxiliary  independent  engine  nacelle 
multiplicative  drag  factor 

Nacelle  strut  weight  factor 

Auxiliary  rotor  weight  factor 


PEI 


DESCENT 


«PDS 


^PDSZ 


Primary  engine  installation  weight  factor 

Main  rotor  descent  efficiency 

Primary  drive  system  weight  factor 

Primary  drive  system  weight  factor 
(number  of  gears  in  system) 


^PH 

^'PN 

*PR 

ItpRB 

Khpim 

Khpit 

kRBF 

KtbBS 

kxR 

I^TRDS 


Primary  hub  weight  factor 

Ratio  of  power  available  at  specified  N^^  to 
power  available  at  optimum  N^^ 

Correction  factor  for  engine  power  to  account 
for  Reynolds  number  effects 

Primary  rotor  blade  weight  factor 

Main  rotor  hub/shank  multiplicative  drag 
factor 

Tail  rotor  hxib/shemk  multiplicative  drag 
factor 

Primary  rotor  blade  weight  factor 

Weight  of  tail  boom  as  a fraction  of  total 
fuselage  weight 

Tail  rotor  weight  factor 

Tail  rotor  drive  system  weight  factor 


l^TRS 

Kvt 

k 

*W 

kfip 

J^WS 

KZ 


Tail  rotor  solidity  multiplicative  factor 
(used  to  determine  tail  rotor  solidity) 

Vertical  tail  multiplicative  drag  factor 

Auxiliary  rotor  weight  factor 

Wing  multiplicative  drag  factor 

Wing  weight/area  factor  (psf) 

Wing  stores  only  weight  trend  factor 

Vertical  tail  fin  height  factor 


Rotor  lift/effective  drag  ratio 


L/Dg 


LF 


Wing  unload  factor 


UlA/£e^ 


Ratio  of  air  induction  system  length  to  engine 
length  (auxiliary  independent  engines) 


HAIP/te 


Ratio  of  air  induction  system  length  to  engine 
length  (primary  engines) 


IICONST  DIA(ilc)  Constant  dieuneter  section  (cabin)  length  (ft) 


SRV 

ATH 

ATH' 

( Vd)  p 
(A/d)T 

( ATg/d^g) 
MACH 

“lf 

Mmo 

Mdo 

MdbO 

Mtip 

N 

Np 

Npi 

NpSD 


Length  of  ramp  well  (ft) 

Horizontal  tail  moment  arm  (ft)  - measured 
from  rotor  g to  tail  c/4 

Ratio  of  horizontal  tail  moment  arm  to 
main  rotor  radius 

Fineness  ratio  of  aircraft  nose  section 

Fineness  ratio  of  aircraft  tail  section 

Fineness  ratio  of  tail  boom  (single  rotor 
helicopter) 

Mach  number  required  during  climb  and/or  descent 

Maneuver  load  factor  (g's) 

Maximum  operating  Mach  number 

Baseline  rotor  adv£mcing  tip  compressibility 
drag  rise  Mach  number  (input  in  rotor  "cycle") 

Baseline  rotor  hover  compressibility  drag  rise 
(lift=0)  Mach  No.  (input  in  rotor  "cycle") 

Rotor  hover  tip  Mach  No. 

Rotor  loading  (rotor  lift/GW) 

Number  of  primary  engines 

Number  of  auxiliary  independent  engines 

Number  of  primary  engines  inoperative 
(for  engine  sizing) 
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Number  of  primary  engines  shut  down  during 
cruise,  loiter,  climb  or  descent 


Number  of  primary  engines  shut  down  during 
cruise  (for  engine  sizing) 

Number  of  auxiliary  independent  engines  shut 
down  during  cruise,  loiter,  climb  or  descent 

Number  of  propellers 


Number  of  rotors 


Gas  generator  RPM  limit  - ratio  of  max  gas 
generator  RPM  to  RPM  at  maximum  static  power 
sea  level,,  stcindard 


IMAX'"I 


Nj/Nj*)||j^  Gas  generator  referred  RPM  limit  (9  = temperature 
ratio  @ compression  face) , this  input  simulates 
a restriction  on  compression  speed 

Nii/Njj  Ratio  of  operating  power  turbine  speed  to 

OPT  optimum  power  turbine  speed  (input  when  N2IND  = 2) 

(Nii/Niijjj^)  Ratio  of  operating  power  turbine  speed  to  maxi- 
mum power  turbine  speed  (input  for  both  primary 
and  auxiliary  independent  engines  in  performance 
segments  1-6) 

Power  turbine  speed  limit  ratio  of  maximum 
power  turbine  speed  to  power  turbine  speed  at 
maximum  static  power,  sea  level,  standard 

(Njj/Njjjjj^)  {,  Ratio  of  operating  power  turbine  speed  to  maximum 
power  turbine  speed  (input  when  sizing  primary 
engines  for  takeoff) 

(Nii/Niimax^ i Ratio  of  operating  power  turbine  speed  to  maximum 
power,  turbine  speed  (input  when  sizing  auxiliary 
independent  engines  for  cruise) 

TO  operating  power  turbine  speed  to  maximum 

power  turbine  speed  (input  when  sizing  primary 
engines  for  cruise) 


((0/L)/D) 


Tandem  rotor  overlap/main  rotor  diameter  ratio 


Operating  weight  empty  (pounds) 


Primary  engine  power  fraction.  Required 
when  TOLIND  « 2 and  4 


Qmaj/Q* 


^max 

RMj 

AR 

R/D 

(Re/£)  ^ 
S 

HT 

Sw 

shpmrx 

SH^ 

SHPtrx 


Ratio  of  maximum  torque  limit  to  torque 
developed  at  sea  level  static  standard  day 
conditions 

Initial  range  at  start  of  mission  (nautical  miles) 
Range  at  end  of  cruise  and/or  descent 
Wing  relief  as  percentage  of  GW 
Step  size  for  cruise  (nautical  miles) 

Rate  of  descent  (fpm) 

Meein  Reynolds  number  per  foot  for  mission 

Area  of  horizontal  tail.  Used  when  HTIND  = 1 
Wing  planform  area  (ft  ) 

Ratio  of  main  rotor  drive  system  XMSN  rating  to 
main  rotor  design  power 

Ratio  of  tail  rotor  drive  system  XMSN  rating 
to  tail  rotor  design  power 


SKP/6/W  SHP*  Referred  power  for  turboshaft  engine  cycles 


Ratio  of  auxiliary  propulsion  drive  system 
XMSN  rating  to  auxiliary  propeller  design  power 


SHP* . Auxiliary  independent  engine  installed  power 

^ (total  for  all  engines) 

SHP*p  Primary  engine  installed  power  (total  for  all 

engines) 


sh^acc 

SHP„/SHP* 

Cl 


Accessory  power  losses  (SHP) 

Ratio  of  design  engine  rating  to  maximum  S.L. 
static  (STD  DAY)  engine  power 


AS/Sg__  Ratio  of  incremental  auxiliary  independent 

engine  nacelle  strut  planform  area  to  auxiliary 
independent  engine  nacelle  strut  planform  area 


AS 


WET 


^^WEl/^P 


(T/A) 

TAS 

^AUX'^'^TOT 


TFEF 

TFI 


TGI 

TMAX 

TMIL 

TNP 

T/W 

(T/W) 

^'^AUX'^^TOT^  C 


2 

Incremental  wetted  area  of  aircraft  (ft  ) 

Incremental  wetted  area  of  airplane  ratioed  to 
fuselage  wetted  area 

Net  tail  rotor  disc  loading ( psf) 

True  airspeed  (knots) 

Ratio  of  thrust  produced  by  auxiliary  propulsive 
device  to  total  helicopter  thrust  required 

Tail  fin  aspect  ratio  effectiveness  factor 

Turbine  inlet  temperature  (flight  idle  power 
setting) , or  input  on  engine  cycle  sheets 

Turbine  inlet  temperature  (ground  idle  power 
setting) / or  input  on  engine  cycle  sheets 

Turbine  inlet  temperature  (maximum  power 
setting) , or  input  on  engine  cycle  sheets 

Turbine  inlet  temperature  (military  power 
setting) , or  input  on  engine  cycle  sheets 

Turbine  inlet  temperature  (normal  power  setting) 
or  input  on  engine  cycle  sheets 

Configuration  thrust/weight  ratio  (hover) 

Configuration  design  thrust/weight  ratio  (hover) 

Ratio  of  thrust  produced  by  auxiliary  propulsive 
device  to  total  helicopter  thrust  required. 

This  value  input  as  design  point  for  sizing 
primary  or  auxiliary  independent  engines  in 
cruise. 


AT. 

in 


CE 


AT 


in 


TO 


T/0 


'•o 

t. 


Increment  in  ambient  temperature  for  primary 
engine  sizing  at  cruise  condition  (”R) 

Increment  in  cunbient  temperature  for  engine 
sizing  at  takeoff  conditions  (^R) 

Referred  turbine  temperature  (’’R) 

Initial  time  at  start  of  mission  (hours) 

Incremental  time  for  taxi  (hours) 


Incremental  time  for  hover  (hours) 


Incremental  time  for  loiter  (hours) 


Incremental  time  for  change  of  fuel  weight 
(hours) 


Incremental  time  forchange  of  payload  weight 
(hours) 


Step  size  for  hover  (hours) 


Step  size  for  loiter  (hours) 


Horizontal  tail  mean  thickness  to  chord  ratio 


Vertical  tail  mean  thickness  to  chord  ratio 


(t/C)^ 

(t/C)R^ 

(t/C)Rp 


Aft  rotor  pylon  root  thickness  to  chord  ratio 

Forward  rotor  pylon  root  thickness  to  chord 
ratio 


Aft  rotor  pylon  tip  thickness  to  chord  ratio 
Forward  rotor  pylon  tip  thickness  to  chord  ratio 


Main  rotor  blade  thickness  to  chord  ratio  @0.25 
rotor  radius 


Design  cruise  speed  for  engine  sizing  (kts) 
Main  rotor  vertical  R/C  efficiency  factors 


CEHl 


Flight  speed  at  which  single  rotor  helicopter 
vertical  tail  is  sized  to  provide  complete 
directional  stability  in  the  event  of  the  loss 
of  the  tail  rotor  (kt) 


Dive  speed  (knots  EAS) 


DIVE 


True  airspeed  for  cruise  during  cruise  segment 
with  CRSIND  = 2 (kt) 


'Voj, 

'^R/C 

'^TIP 

'^TTR 


Maximum  operating  equivalent  airspeed  (kt) 

Design  vertical  rate  of  climb  (ft/min)  used 
in  sizing  primary  engines  in  hover 

Vertical  rate  of  climb  (ft/min) 


Main  rotor  design  tip  speed  (pfs) . 

Note:  This  is  the  tip  speed  corresponding 


to  Njj=N* 


II 


Tail  rotor  design  tip  speed  (hover)  -(fps) 


Propeller  design  tip  speed  (fps) 


■ 


TURN 


"max^* 


Horizontal  tail  volume  coefficient 

Auxiliary  power  unit  weight  (lb) 

Avionics  weight  (lb) 

Weight  of  fixed  equipment  (lb) 

Weight  of  fixed  useful  load  (lb)  \ 

Furnishings  and  equipment  weight  (lb) 

Initial  gross  weight  at  start  of  mission  (lb) 

Weight  of  inboard  store 
Weight  of  outboard  store 

Weight  of  payload  (lb) 

Disc  loading ( psf) 

Wing  loading  (psf) 

Fuel  flow  limit  - ratio  of  maximum  fuel  flow 
to  fuel  flow  at  maximum  static  power,  sea 
level,  standard 

Flight  controls  group  incremental  weights  (lb) 


AWp  Propulsion  group  Incremental  weight  (lb) 


I 

I 
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Structures  group  Incremental  weight  (lb) 


AWj 

6Wj 

Wp 

Wf/6/0  Fj,* 

e 

W^/6/e  SHP* 


Increment  in  fuel  weight  during  change  of  fuel 
weight  subroutine  (lb) 

Increment  in  payload  weight  during  change  of 
payload  weight  subroutine  (lb) 

Fuel  required  additive  reserve  factor 

Width  of  fuselage  (ft) 

Referred  fuel  flow  for  turbojet/fan  engine  cycles 

Referred  fuel  flow  rate  for  primary  engines 
(turboshaft  engine  cycles,  Ib/hr/SHP*) 


^ADS^^^ADS 


^ae/"b 

^APl/^B 

^AR 

*AR'^*'TB 

^ASC^^'B 

*CGf/*'B 


*CMR 


Auxiliary  independent  drive  system  C.G. 
position  aft  of  nose  as  a fraction  of  the 
distance  between  the  auxiliary  independent 
engine  and  the  propeller 

Auxiliary  independent  engine  C.G.  position 
aft  of  nose  as  a fraction  of  body  length 

Auxiliary  power  unit  C.G.  position  aft  of 
nose  as  a fraction  of  body  length 

Propeller  blade  attachment  point  as  a fraction 
of  propeller  radius 

Propeller  position  aft  oft  h body/tail  boom 
jvinction  as  a fraction  of  tail  boom  length 

Auxiliary  rotor  (propeller)  systems  controls 
C.G.  position  aft  of  nose  as  a fraction  of 
body  length 

Avionics  C.G.  position  aft  of  nose  as  a fraction 
of  body  length 

Single  rotor  fuselage  (minus  tail  boom)  C.G. 
position  aft  of  nose  as  a fraction  of  body 
length 

Main  rotor  blade  cutout  (end  of  blade  shank, 
beginning  of  rotor  airfoil  sections)  position 
as  a fraction  of  rotor  radius 


XTR 


Tail  rotor  blade  cutout  (end  of  blade  shank, 
beginning  of  rotor  airfoil  sections)  position 
as  a fraction  of  rotor  radius 


^URN/^B 


Furnishings  and  equipment  C.G.  position  aft 
of  nose  as  a fraction  of  body  length 


XM/Ag 


Ratio  of  distcmce  from  tip  of  nose  to  rotor 
shaft,  X^,  to  main  fuselage  length  (B)  (single 
rotor  hexicopter) 

Main  landing  gear  position  aft  of  nose  as  a 
fraction  of  body  length 


Main  rotor  blade  attachment  point  as  a fraction 
of  rotor  radius 


Nose  landing  gear  position  aft  of  nose  as  a 
fraction  of  body  length 


Primary  engine  C.G.  position  aft  of  nose  as 
a fraction  of  body  length 


^DS^^^PDS 

*TR 

Xl/AP 

X2/AT 


Primary  drive  system  C.G.  position  aft  of  nose 
as  a fraction  of  the  distance  between  main  and 
tail  rotor  centers 

Rotor  system  controls  C.G.  position  aft  of 
nose  as  a fraction  of  body  length 

Tail  rotor  blade  attachment  point  as  a fraction 
of  rotor  radius 

Distance  of  forward  rotor  center  from  aircraft 
nose  as  a fraction  of  aircraft  nose  section 
length 

Distance  of  aft  rotor  center  from  aircraft 

tail  cone  as  a fraction  of  aircraft  tail  section 

length 


Clearance  from  inboard  propeller  tip  to  $ 

inboard  propeller  tip  across  fuselage  (ft)  ; 


Primary  engine  nacelle  dimensional  factors 
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Auxiliary  independent  engine  nacelle  dimensional 
factors 

Wing  airfoil  section  angle  of  zero  lift 
Sweep  emgle  of  wing  quarter  chord  (degrees) 

Taper  ratio  of  wing 

Taper  ratio  of  aft  rotor  pylon 

Taper  ratio  of  forward  rotor  pylon 
Taper  ratio  of  horizontal  tail 
Taper  ratio  of  vertical  tail 

Propeller  propulsive  efficiency  for  SGTIND  = 3 

Propeller  propulsive  efficiency  for  SGTIND  = 5 

Propeller  propulsive  efficiency  for  SGTIND  = 

4,  6 tabular  function  of  Mach  number 

Transmission  efficiency 

Transmission  efficiency  (auxiliary  drive  system) 

Vertical  tail  span  overlap  distance/tail  rotor 
radius  ratio  - input  as  a function  of  tail 
rotor  radius 

Propeller  over  wing  tip  overlap  (fraction  of 
radius) 

Ambient  temperature  ratio,  tabular  function 
of  altitude 

Main  rotor  blade  twist  (degrees) 

Tail  rotor  blade  twist  (degrees) 


Primary  engine  dimensional  factor 
Helicopter  yaw  rate,  rad/sec 

* 

Helicopter  yaw  acceleration,  rad/sec' 

Main  rotor  solidity  (a-bc/itR) 

Tail  rotor  solidity  (o^bc/irR) 

Rotor  forward  flight  advance  ratio 
“ '^PPS^'^TIP^ 


5.3.2  Program  Indicators 


Option  Indicators 


OPTIND 


OPTIONAL 

PRINT 


1 s size  aircraft 

2 s calculate  performance  (specify  initial 

gross  weight) 

3 = calculate  performance  (specify  operating 

weight  empty) 

0 = standard  print 

1 » detailed  print 


Propulsion  Indicator 


AIPIND  1 = single  gas  generator  connected  to  main 

rotor  and  auxiliary  propulsion 

2  = independent  gas  generators 

ENGIND  0 - turboshaft  (power  producing)  cycle 

1 = turbofan  or  turbojet  (thrust  producing) 

cycle 

ESCIND  1 = progreun  will  size  engines  for  takeoff 

only 

2 > program  will  size  engines  for  more 

critical  choice  of  takeoff  or  cruise 

NOTE:  ESCIND  is  applicable  only  if  FIXIND  « 1 
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FANOPc 


FANOPh 


FIXIND 


FIXINDI 


NIIND, 

NllNDI 

NieiND, 

NieiNDI 

N2IND, 

N2INDI 

POWIND 

QIND, 

QINDI 

RNOIND, 

RNOINDI 


0 - Tall  rotor/fan  operating  in  cruise 

(Nominal  valve) 

1 = Tail  rotor/fan  shut  dovm  in  cruise 

0 = Tail  rotor/fem  operating  in  hover 

(Nominal  value) 

1 * Tail  rotor/fan  shut  down  in  hover 

0 = fixed  size  engines,  user  inputs  maximum 

power 

1 - rubberized  engines,  program  will 

calculate  maximum  power 

0 = user  inputs  fixed  size  auxiliary 

independent  engines 

1 = program  sizes  auxiliary  independent 

engines  to  meet  cruise  requirement 

0 = no  Nj  limit 

1 = Ni  limit 

0 = no  Nj/Ze^  limit 

1 = Nj/ /0 limit 

0 = no  Nil  engine  operating  at 

optimum  Nn 

1 = Nil  liroit,  engine  operating  at  known 

value  of  Nil  general  nonoptimum) 

0 - maximum  engine  rating 

1 = military  engine  rating 

2 s normal  engine  rating 

0 =*  no  torque  limit 

1 s torque  limit 

0 “ no  Reynolds  number  corrections 

1 * Reynolds  number  corrections 
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WDTIND,  0 > Reynolds  number  corrections 

WDTINDl 

1 « fuel  flow  limit 

ROTIND  1 * performance  calculated  by  short  method 

2 B rotor  map  input,  corrections  applied 

3 » rotor  map  input,  no  corrections  applied 

4 * rotor  map  (L/Dg)  input,  corrections 

applied 

npINO  0 » user  specifies  "point"  propeller 

efficiencies  for  climb,  cruise  and 
descent 

1 » user  inputs  propeller  perfoinnance  map 

2 = propeller  performance  automatically 

calculated  within  program 

Aerodynamics  Indicators 

DRGIND  1 » drag  build  up  by  component,  Reynolds 

nvonber  scaling 

2 = drag  trend  by  input  GW/Fe  versus  GW 
OSWIND  0 = user  inputs  Oswald's  efficiency  (e) 

1 s progrcim  calculates  Oswald's  efficiency 

Sizing  Indicators 

APHIND  1 * input  aft  pylon  height 

2 = input  gap/ 8 tagger  ratio 

AUXIND  1 * pure  helicopter 

2 » including  wings  (only) 

3 « including  axuciliary  propulsion  (only) 

4 compound  (wings  and  auxiliary 
propulsion) 


bffIND 


CNFIND 


FDMIND 


HTIND 


MRPIND 


RDMIND 


1 - Input  span/diameter  ratio 

2 » input  wing  aspect  ratio 

3 » determined  for  propeller  clearance 

1 = single  rotor 

2 * tandem  rotor 

1 = input  overlap  and  rotor  positions 

2 = input  overlap  and  cabin  length 

3 = input  cabin  length  and  rotor 

positions 

0 = no  horizontal  tail 

1 - input  fixed  size  tail 

2 = input  tail  volume  coefficient 

0 = user  inputs  main  rotor  placement 

(single  rotor) 

1 = progrcun  calculates  main  rotor  positions 

based  on  simple  mass  balance 

2 = S€uae  as  1,  except  that  in  the  case  of  a 

compound  helicopter,  the  auxiliary 
drive  system,  propeller  and  auxiliary 
independent  engines  (if  any)  are  assumed 
to  be  located  on  the  wing. 

1 = input  wain  rotor  diameter,  a 


2 = input  W/A,  a 

3 = input  diameter,  Ct/o 

4 = input  W/A,  Cf]x/a 

SwIND  1 = input  wing  area 

2 - input  wing  loading 

3 = size  for  maneuver 


TRDIND 


TRSIND 


VTFIND 


XMSNIND 


0 » no  tall  rotor 

1 = use  trend  of  diameter  main/di6uneter 

tail  = fn(W/A)MAIN 

2 s input  diameter 

3 = input  T/A 

1 = input  a 

2 = input  Cj/a 

1 s input  aspect  ratio  and  tail  fin  overlap 

2 - input  directional  stedsility  required 

and  tail  fin  overlap 

3 s input  directional  stcdsility  required 

and  aspect  ratio 

0 s main,  tail,  and  auxiliary  drive  system 

ratings  specified  as  fraction  of  primary 
engine  installed  power  (in  the  case  of  a 
compound  helicopter  with  auxiliary  inde- 
pendent propulsion,  the  auxiliary  inde- 
pendent drive  system  rating  is  specified 
as  a fraction  of  the  auxiliary  independ- 
ent engine  installed  power) 

1 = the  drive  system  ratings  calculated  are 

equal  to  the  product  of  the  applicable 
multiplicative  factors  (SHPmrx/SHP*mr, 
SHPtrx/TRP*,  SHPaRX/SHP*aUX)  and  the 
con^onent  (main  tail,  and  auxiliary) 
power  obtained  from  the  proportional 
split  (based  on  power  required)  of  the 
total  sea  level  standard  maximum  (in- 
stalled) engine  power. 

2 = Main,  tail,  and  auxiliary  drive  system 

ratings  specified  at  fraction  of  power 
required  to  hover  or  cruise  at  design 
conditions  (more  critical  of  the  two 
conditions  is  selected) . 

3 = Seune  as  2,  except  the  most  critical  of 

the  two  design  conditions  is  ccxnpared  to 
the  drive  system  rating  required  at  an 
alternate  payload/gross  weight  hover  at 
the  design  point  conditions.  The  most 
critical  of  these  three  conditions  is 
selected. 
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Same  as  2,  except  that  tail  rotor  drive 
system  rating  is  selected  Independently 
of  the  main  rotor  drive  system  to  match 
a specified  fraction  of  power  required 
to  hover  or  cruise  at  design  conditions 
(more  critical  of  the  two  conditions  is 
selected) . 

Same  as  3,  except  that  the  tail  rotor 
drive  system  rating  is  selected  independ 
ently  of  the  main  rotor  drive  system  as 
in  4,  and  the  most  critical  of  the  two 
design  conditions  is  compared  to  the 
tail  rotor  drive  system  rating  required 
at  an  alternate  payload/gross  weight 
hover  at  the  design  point  conditions. 

The  most  critical  of  these  three  condi- 
tions is  selected. 


Flight  Path  Control  Indicators' 


hopT^^^ 


0 = cruise  segments  performed  at  specified 

altitude 

1 = cruise  segments  preceded  by  climb  or 

transfer  altitude  are  performed  at 
optimum  altitude,  constrained  by  an 
input  maximum  altitude 


Mission  Performance  Indicators 


CLMIND 


CRSIND 


1 = climb  at  maximum  R/C 

2 = climb  at  constant  EAS 

3 = climb  at  constant  Mach  No. 

4 = climb  at  constant  TAS 

1 = cruise  at  cruise  power 

2 = cruise  at  constant  true  airspeed 

3 = cruise  at  speed  for  best  specific  range 

4 = cruise  at  speed  for  99%  of  best  specific 

range 

5 = cruise  - climb  (constant  W/6)  at  speed 

for  best  specific  range 

6 = cruise  - climb  (constant  W/6)  at  speed 

for  99%  of  best  specific  range 


DESIND 


RMAXND 


SGTIND 


NOTE: 


1 a descend  at  constant  TAS 

2 » descend  at  constant  EAS 

3 » descend  at  constant  Mach  No. 

0 - descent  flight  path  ends  at  specified 

terminal  range  (cruise  segment  must  be 
input  previous  to  descent) 

1 » checks  specified  terminal  range,  if  pre 

dieted  flight  path  will  end  beyond 
specified  terminal  range  value,  spiral 
descent  path  assumed  at  that  point,  if 
predicted  flight  path  ends  before  reach 
ing  specified  terminal  range  point,  pro 
gram  prints  SHALLOWER  DESCENT  REQUIRED 

2 = descent  ends  at  specified  minimum 

altitude,  terminal  range  requirement 
not  considered 

3 » fuel  used  and  time  required  for  descent 

calculated  but  no  range  credit  given 
(i.e.,  spiral  descent  path) 

0 = end  of  mission 

1 = taxi 

2 a takeoff,  hover  and  landing 

3 - climb 

4 - cruise 

5 = descent 

6 * loiter 

7 « change  of  fuel  weight 

8 change  of  payload  weight 

9 transfer  altitude 
100  « end  of  case 

Segments  1 through  6 can  be  used  for  reserve 
fuel  calculations  (gross  weight  reset  following 
segment)  by  inputing  lOX  SGTIND;  i.e.,  SGTIND  - 
10,  20,  30,  40,  50,  or  60 


) 


TOLIND 


WGTIND 


Atmosphere 

ATMIND 


1 = user  inputs  required  thrust-to-weight 

ratio  and 

2 = user  inputs  required  fractions  of 

maximum  power  and 

3 = same  as  1 but  analysis  includes  hover- 

in-ground  effect 

4 = same  as  2 but  analysis  includes  hover- 

in-ground  effect 

0 = restriction  on  maximum  aircraft  weight, 

weight  cannot  exceed  gross  weight. 

1 = no  restriction  on  aircraft  weight  (will 

only  apply  when  running  performance) 

Indicator 


0 = standard  atmosphere 

1 = non-standard  atmosphere,  user  inputs 

single  point  value  for  increment  in 
ambient  temperature  above  standard  day 
value 

2 = non-standard  atmosphere,  user  inputs 

table  of  temperature  ratio  as  a function 
of  altitude 
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6.0  PROGRAM  OUTPUT 


A reproduction  of  the  program  output  for  three  sample  cases  is 
included  in  Section  7.0.  The  following  discussion  describes 
the  program  printout  in  general  and  lists  the  diagnostic  error 
printouts  which  are  possible. 


6.1  DESCRIPTION  OF  PRINTOUT 

The  printout  for  HESCOMP  consists  of  four  types  of 
information: 

a.  General 

b . Input  Data 

c.  Sizing  Data  (program  output) 

d.  Mission  Performance  Data  (for  the  "sized"  helicopter) 

The  general  information  (item  a)  is  printed  out  at  the  begin- 
ning of  each  new  case.  Each  of  the  other  groupings  (input, 
sizing  data,  and  performance  data)  starts  on  a new  page.  For 
cases  with  OPTIND  = 2 or  3 (performance  only) , the  sizing  data 
is  not  printed  out.  The  printout  is  described  in  detail 
below. 


6.1.1  General  Printout 


6. 1.1.1  Fixed  Heading: 


. HESCOMP 

HELICOPTER  SIZING  AND  PERFORMANCE  COMPUTER  PROGRAM 

Depending  on  the  configuration  options  (CNFIND,  AUXIND, 
AIPIND,  ENGIND)  chosen,  one  of  the  following  statements  will 
be  printed  out. 

SINGLE  ROTOR  PURE  HELICOPTER 

SINGLE  ROTOR  WINGED  HELICOPTER 

SINGLE  ROTOR  COMPOUND  HELICOPTER 

SINGLE  ROTOR  COMPOUND  HELICOPTER  AUXILIARY  INDEPENDENT 
T/SHAFT  CRUISE  PROPULSION 

SINGLE  ROTOR  COMPOUND  HELICOPTER  AUXILIARY  INDEPENDENT  T/FAN 
OR  T/JET  CRUISE  PROPULSION 

SINGLE  ROTOR  AUXILIARY  PROPULSION  HELICOPTER 


J 


SINGLE  ROTOR  AUXILIARY  PROPULSION  HELICOPTER  AUXILIARY 
INDEPENDENT  T/SHAFT  CRUISE  PROPULSION 

SINGLE  ROTOR  AUXILIARY  PROPULSION  HELICOPTER  AUXILIARY 
INDEPENDENT  T/FAN  OR  T/JET  CRUISE  PROPULSION 

The  printout  for  the  tandem  rotor  configurations  will  be 
identical  except  for  the  substitution  of  TANDEM  ROTOR  for 
SINGLE  ROTOR 

6. 1.1. 2 Arbitrary  Heading 

An  arbitary  heading  may  be  input  by  the  user  on  a title  card 
(see  Section  5.2,  input  sheet  for  general  information). 

6.1.2  Input  Data 

All  program  input  data  is  printed  cut  as  it  appears  on  the 
data  cards.  Seven  columns  are  printed.  These  correspond  to 
the  first  location  on  the  card,  the  number  of  variables  on  the 
card  (from  1 to  5),  and  the  values  of  these  variables.  With 
this  information  and  a copy  of  the  input  sheets  it  is  possible 
to  determine  the  input  value  for  any  variable. 

6.1.3  Sizing  Data 

This  group  is  printed  out  only  if  OPTIND  = 1.  The  data  is 
represented  by  a symbol,  followed  by  a written  description, 
followed  by  the  value  with  the  units.  For  example: 

WG/A  DISC  LOADING  10.0  LB/SQFT 

The  data  is  printed  out  in  groups,  each  group  having  a 
heading.  The  specific  variables  which  are  printed  out  will 
depend  upon  certain  options  chosen.  Notations  are  made  in  the 
following  list  to  show  where  this  occurs. 

6. 1.3.1  Dimensional  Data 

Single  Rotor  Helicopter 

Fuselage: 

^F'  ^C'  ^TB'  '^F'  ®F 

Wing : 

If  AUXIND  = 2 or  4 print  AR,  S^,  b^,  C^,  X,  (t/c)^, 

®RW'  ^F^^ 

If  AUXIND  = 1 or  3 print  NO  WING  USED 
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Horizontal  Tail: 


If  HTIND  — 1 or  2 print  ^HT^  ^TH 

If  HTIND  = 0 print  NO  HORIZONTAL  TAIL  USED 

Vertical  Tail: 

ARyT»  ®VT'  ^VT'  ^VT'  ^VT'  ^TR'  ^VT' 

Main  Rotor  Pylon: 

AR»  Spp/  FApp/  » ^FP  * ^FP^  (T/C)  p»  (T/C),p 
Primary  Engine  Nacelle: 

^N'  ®N'  ^N 

Auxiliary  Independent  Engine  Nacelle: 

If  AIPIND  = 2 print  Lj^^,  Djj^,  Sjjj. 

Auxiliary  Independent  Engine  Nacelle  Strut: 

If  AIPIND  = 2 print  ^NS^  ^NS 

Auxiliary  Independent  Propulsion: 

If  AIPIND  = 2 and  ENGIND  = 1,  print  AUXILT’  ^DEPENDENT 
PROPULSION  - TURBOFAN  (OR  TURBOJET)  ENGIN. 

If  AIPIND  = 1 print  NO  AUXILIARY  INDEPENDENT  ENGINE  USED 


Propeller  (Auxiliary  Propulsion) : 


If  AUXIND  = 3 or  4 and  ENGIND  = 0 print  Dp,  AF, 
NO.  BLADES,  Vj,jp 

If  AUXIND  = 1 or  2 print  NO  PROPELLER  USED 


®AR'  ®*RA' 


Main  Rotor: 

“mR'  “mK'  V'^'  V”'  "r'  ®MR'  ’‘c'  ''tip 

Tail  Rotor: 

Dtr,  G, 
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Up,  AXj^,  AX2,  Wp,  G/S,  (0/L/D),  Sp 

Wing : 


Same  printout  as  single  rotor  helicopter 
Forward  Rotor  Pylon: 

AR,  ^pp'  ^^pp'  ' ^FP ’ ^FP’  (T/C)  ^ 

Aft  Rotor  Pylon: 

AR,  S^,  Hp^,  C^p,  (T/C)p,  (T/C)^ 

Primary  Engine  Nacelle: 

^N'  °N' 

Auxiliary  Independent  Engine  Nacelle: 

Scune  printout  as  single  rotor  helicopter 

Auxiliary  Independent  Engine  Nacelle  Strut: 

Same  printout  as  single  rotor  helicopter 

Auxiliary  Independent  Propulsion: 

Same  printout  as  single  rotor  helicopter 

Propeller  (Auxiliary  Propulsion) : 

Seune  printout  as  single  rotor  helicopter 

Main  Rotor: 

Seune  printout  as  single  rotor  helicopter 

6.1. 3.2  Weights  Data 

Single  and  Tandem  Rotor  Helicopters 

First  print  Mj^p,  Gj^p,  Uj^p,  then  print. 
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Propulsion  Group: 


'*PRG'  *12'*PRB'  ^la'^PH'  ^BF'  ^^Is'^AR'  ^DS'  ^^Is'^PDS' 
*^20'^TRDS"  ^It'^ADS'  ^IB'^EP'  '^PEI'  '^AEI'  '^FS' 


Structures  Group: 

^8^W'  ^TG'  ^9^HT*  ^14'^TR'  ^6^B'  ^7^LG'  ^NG'  ^MG'  ^TES' 
^PES'  '^AES'  ”ST 

Flight  Controls  Group: 

^PFC'  ”CC'  *1*^RC'  *2  SC'  ^3^FV'  '^TM'  '^SAS'  '^AFC'  *^4*^RCA' 
^S^SCA’  '^MC'  ^’^FC'  '^FC 
Weight  of  Fixed  Equipment: 


Weight  Empty 


Fixed  Useful  Load 


Operating  Weight  Empty 


Payload 


Fuel 

<«F>A 

Gross  Weight 
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6. 1.3. 3 Rotor  Data 

Single  Rotor  Helicopter 

ROTOR  CYCLE  NO.  

(printed  if  ROTIND  = 1) 

ROTOR  MAP  NO. 

(printed  if  ROTIND  = 2) 

FIXED  MAIN  ROTOR  SOLIDITY  INPUT 
(printed  if  RDMIND  = 1 or  2) 

If  RDMIND  = 3 or  4,  and  depending  on  which  solidity  sizing 
requirement  is  most  critical,  one  of  the  following  statements 
will  be  printed  out: 

MAIN  ROTOR  SOLIDITY  SIZED  BY  MANEUVER  CONDITIONS 
H = FT.,  TEMP.  DEG.,  V = KT. 

ROTOR  MANEUVER  G'S  = , C^/o  = 

MAIN  ROTOR  SOLIDITY  SIZED  BY  HOVER  CONDITIONS 

H = FT.,  TEMP.  = DEG.,  T/W  = 

C^/ o = 

MAIN  ROTOR  SOLIDITY  SIZED  BY  CRUISE  CONDITIONS 


H = FT.,  TEMP.  = DEG.,  V = KT. 

ROTOR  LIFT/GW  FRACTION  = C,j,/a  = 

Which  is  followed  by: 

FIXED  TAIL  ROTOR  SOLIDITY 
(printed  if  TRSIND  = 1) 

TAIL  ROTOR  SIZED  AT  TIMES  THE  SOLIDITY  REQUIRED  TO 

SATISFY  HOVER  ANTI-TORQUE  REQUIREMENTS  AT 

H = FT.,  TEMP.  = DEG.F.,  CT,,/Crr„„„  = 

3"^  mneTKin  — o TT  — ft  .1.  — ft\  wril 


(printed  if  TRSIND  = 2 and  ij/  = 0,  = 0) 

TAIL  ROTOR  SIZED  AT  TIMES  THE  SOLIDITY  REQUIRED  TO 

SATISFY  HOVERING  TURN  REQUIREMENTS  AT 


H 

TEMP 

^Tq/^Tnet 

YAW  RATE 
YAW  ACCELERATION 
TAIL  ROTOR  POLAR 
MOM.  OF  INERTIA 
HELICOPTER  YAW 
MOM.  OF  INERTIA 

(printed  if  TRSIND  = 2 and  ^ or  ip  0.' 
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FT. 

F. 

DEG. 

RAD/SEC 

RAD/SEC* 

SLUG/FT* 

SLUG/FT* 


Main  rotor  data  printout  same  as  for  single  rotor  helicopter. 

6.1. 3. 4 Propulsion  Data  ' 

Single  Rotor  Helicopter 

PRIMARY  PROPULSION  CYCLE  NO. 

TURBOSHAFT  ENGINE 

ENGINES 

BHP*P  MAX.  STANDARD  S.L.  STATIC  H.P.  = H.P. 

ENGINE  SIZE  WAS  FIXED  BY  INPUT 
(printed  if  FIXIND  = 0) 

IF  ESCIND  = 1 print; 

ENGINE  SIZED  FOR  TAKEOFF  AT  T/W  = 

H = FT.,  TEMP.  = ____  DEG.F. 

AND  ENGINES  INOPERATIVE 

If  ESCIND  = 2 either  of  the  following  statements  are  printed 
depending  on  vdiich  engine  sizing  requirement  (hover  or  cruise) 
is  critical. 

ENGINE  SIZED  FOR  TAKEOFF  AT  T/W  = , 

H = FT.,  TEMP.  = DEG.F. 

AND  ENGINES  INOPERATIVE 

ENGINE  SIZED  FOR  CRUISE  AT  Vr  = KNOTS 

H = FT.,  TEMP.  = DEG.F. 

AND  ENGINES  INOPERATIVE 

Which  is  followed  by: 

NO  AUX.  INDEPENDENT  ENGINE  CYCLE  SELECTED 
(printed  if  AUXIND  = 3 or  4 and  AIPIND  = 1) 

AUX.  INDEPENDENT  PROPULSION  CYCLE  NO. 

(printed  if  AUXIND  = 3 or  4 and  AIPIND  = 2) 

IF  ENGIND  ■ 0.0,  TURBOSHAFT  ENGINE  is  printed 

IF  ENGIND  » 1.0,  either  TURBOFAN  or  TURBOJET  ENGINE  is  printed 
ENGINES 

BHP*P  MAX.  STANDARD  S.L.  STATIC  H.P.  H.P. 

(printed  if  ENGIND  =0.0) 


,1 

1 

j 

i 

;] 
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T*P  MAX.  STANDARD  S.L.  STATIC  THRUST 
(printed  if  ENGIND  = 1.0) 

ENGINE  SIZE  WAS  FIXED  BY  INPUT 
(printed  if  FIXINDI  = 0.0) 


LBS. 


ENGINE  SIZED  FOR  CRUISE  AT  Vq 
H = FT . , TEMP . = 

(printed  if  FIXINDI  = iTTTJ 

MAIN  DRIVE  SYSTEM  RATING  

MAIN  ROTOR  DRIVE  SYSTEM  RATING 


KNOTS 

DEG.F. 


H.P. 


H.P. 


Depending  on  the  transmission  sizing  option  chosen  (XMSNIND) , 
and  the  results  of  the  sizing,  one  of  the  following  four 
statements  will  be  printed: 

XMSN  SIZED  AT  PERCENT  OF  TOTAL  PRIMARY 

ENGINE  INSTALLED  POWER 

MAX.  STANDARD  S.L.  STATIC  H.P. 

(printed  if  XMSNIND  = 1.0) 

XMSN  SIZED  AT  PERCENT  OF  MAIN  ROTOR  HOVER 

POWER  REQUIRED  AT 

H = FT.,  TEMP.  = DEG.F. 

(printed  if  XMSNIND  = 2 or  if  XMSNIND  = 3 and  the 
alternate  payload  hover  is  not  critical) 


XMSN  SIZED  AT  PERCENT  OF  MAIN  ROTOR  HOVER 

POWER  REQUIRED  AT  ALTERNATE 

PAYLOAD  = LBS . , ALTERNATE  GROSS  WEIGHT  = LBS . 

H = FT.,  TEMP.  = DEG.F. 

(printed  if  XMSNIND  = 3 and  the  alternate  payload  hover 
is  critical) 

XMSN  SIZED  AT  PERCENT  OF  MAIN  ROTOR  CRUISE 

POWER  REQUIRED  AT  Vr  = KT., 

H = FT.,  TEMP.  = DEG.F. 

(printed  if  XMSNIND  = 2 or  if  XMSNIND  = 3 and  the 
alternate  payload  hover  is  not  critical) 

Which  is  followed  by : 

TAIL  ROTOR  DRIVE  SYSTEM  RATING  H.P. 

(printed  if  CNFIND  = 1) 

Depending  on  the  transmission  sizing  option  chosen  (XMSNIND) 
and  the  results  of  the  sizing,  one  of  the  following  four 
statements  will  be  printed: 
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XMSN  SIZED  AT 


INSTALLED  POWER 
MAX.  STANDARD  S.L.  STATIC  H.P. 
(printed  if  XMSNIND  =1.0) 


PERCENT  OP  TOTAL  PRIMARY  ENGINE 


XMSN  SIZED  AT 
POWER  required" 
AT  H = 


PERCENT  OP  TAIL  ROTOR  HOVER 


PT.,  TEMP.  = 


DEG.P. 


(printed  if  XMSNIND  = 2 or  if  XJ4SNINd’  = ’3  and  the 
alternate  payload  hover  is  not  critical) 


XMSN  SIZED  AT 


PERCENT  OP  TAIL  ROTOR  HOVER 


LBS. 


POWER  REQUIRED  AT  ALTERNATE 

PAYLOAD  = LBS . , ALTERNATE  GROSS  WEIGHT  = 

H = PT.,  TEMP.  * DEG.P.  

(printed  if  XMSNIND  = 3 and  the  alternate  payload 
hover  is  critical) 

XMSN  SIZED  AT  PERCENT  OP  TAIL  ROTOR  CRUISE 

POWER  REQUIRED  AT  Vf  = KT. 

H = PT.,  TEMP.  = _____  DEG.P. 

(printed  if  XMSNIND  = 2 or  if  XMSNIND  = 3 and  the 
alternate  payload  hover  is  not  critical) 

Which  is  followed  by: 

AUXILIARY  PROPULSION  DRIVE  SYSTEM  RATING  H.P. 

(printed  if  AUXIND  = 3 or  4 and  AIPIND  = 1) 

Depending  on  the  transmission  sizing  option  chosen  (XMSNIND) 
and  the  results  of  the  sizing  one  of  the  following  three 
statements  will  be  printed: 

XMSN  SIZED  AT  PERCENT  OP  TOTAL  CONPIGURATION 

POWER  REQUIRED  TO  HOVER 

AT  H = PT.,  TEMP.  = DEG.P. 

(printed  if  ESCIND  = 1.0  and  XMSNIND  = 2 or  3) 


XMSN  SIZED  AT 


PERCENT  OP  TOTAL  PRIMARY  ENGINE 


INSTALLED  POWER 
MAX.  STANDARD  S.L.  STATIC  H.P. 

(printed  if  XMSNIND  =1.0) 

XMSN  SIZED  AT  PERCENT  OP  AUX.  PROPULSION 

CRUISE  POWER  REQUIRED  AT  Vc  = KT. 

He  = _ ft.  , TEMP.  , = DEG.P. 

(printed  if  ESCIND  =2.0  and  XMSNIND  = 2 or  3) 

AUXILIARY  INDEPENDENT  PROPULSION  DRIVE  SYSTEM  RATING 
(printed  if  AUXIND  = 3 or  4,  AIPIND  = 2 ENGIND  = 0) 
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Depending  on  the  transmission  sizing  option  chosen  (XMSNIND) 
and  the  results  of  the  sizing  one  of  the  following  four 

statements  will  be  printed: 

/ 

XMSN  SIZED  AT  PERCENT  OF  TOTAL  AUXILIARY 

INDEPENDENT  ENGINE  INSTALLED  POWER 
MAX.  STANDARD  S.L.  STATIC  H.P. 

(printed  if  AIPIND  = 2,  ENGIND  = 0,  and  XMSNIND  = 1.0) 

XMSN  SIZED  AT  PERCENT  OF  MAX.  AUXILIARY 

INDEPENDENT  ENGINE  POWER  AVAILABLE 

AT  H = FT . , TEMP . = DEG . F . 

(printed  if  AIPIND  = 2,  ENGIND  = 0,  ESCIND  = 1 and 
XMSNIND  = 2 or  3) 

XMSN  SIZED  AT  PERCENT  OF  MAX.  AUXILIARY 

INDEPENDENT  ENGINE  POWER  AVAILABLE  IN  CRUISE 
AT  Vn  = KT.,  He  = FT.,  TEMP.  = DEG.F. 

(printed  if  AIPIND  = 2,  ENGIND  = 0,  XMSNIND  = 2 or  3 
and  FIXIND  = 0.0) 

XMSN  SIZED  AT  PERCENT  OF  AUXILIARY  PROPULSION 

CRUISE  PO\-JER  REQUIRED  AT  Ve  = KT. 

He  = FT . , TEMP  . = DEG . F . 

(printed  if  AIPIND  = 2,  ENGIND  = 0,  XMSNIND  = 2 or  3 
and  FIXIND  = 1.0) 

6 . 1 . 3 . 5 Aerodynamics  Data 


Single  and  Tandem  Rotor  Helicopter 


TOTAL  EFFECTIVE  FLAT  PLATE  AREA 

TOTAL  WETTED  AREA 

MEAN  SKIN  FRICTION  COEFF . 

DRAG  BREAKDOWN 

WING  FE 
FUSELAGE  FE 

FORWARD  (MAIN)  ROTOR  PYLON  FE 

AFT  ROTOR  PYLON  FE 

MAIN  ROTOR  HUB(s)  FE 

TAIL  ROTOR  HUB  FE 

VERTICAL  TAIL  FE 

HORIZONTAL  TAIL  FE 

PRIMARY  ENGINE  NACELLE  FE 

AUXILIARY  INDEPENDENT  CRUISE  ENGINE  NACELLE  FE 
AUXILIARY  INDEPENDENT  CRUISE  ENGINE  NACELLE  STRUT  FE 
INCREMENTAL  FE 
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W-  Z 



....  . -- 1 

AERODYNAMIC  COEFFICIENTS 


WING  LIFT  EFFICIENCY  FACTOR 
VERTICAL  TAIL  LIFT  EFFICIENCY 

6.1.4  Mission  Pertormance  Data 

Two  types  of  output  are  possible.  If  the  OPTIONAL  PRINT 
INDICATOR  = 0,  a standard  printout  will  occur.  If  the  indi- 
cator is  input  as  1,  a detailed  printout  will  occur.  This 
will  include  all  data  printed  in  the  standard  printout  plus 
additional  information. 

6. 1.4.1  Standard  Printout 

The  mission  performance  data  is  printed  out  by  segment  in 
chronological  sequence.  Up  to  15  columns  of  data  are  printed 
out  depending  upon  the  segment.  For  all  segments,  the  follow- 
ing information  is  printed: 

t:  time  in  hours 

R:  range  in  nautical  miles 

W^:  weight  of  fuel  used  in  pounds 

W:  aircraft  weight  in  pounds 

h:  altitude  in  feet 

TAS : the  true  airspeed  in  knots 

Primary  Turb.  Temp:  the  primary  engine  turbine  temperature 


Primary  Turb.  Temp: 
PRIMARY  ENGINE  CODE 


a code  letter  which  designates  the 
condition  governing  the  engine 
performance : 

P = power  (or  thrust)  required 

T = turbine  temperature 
(engine  rating) 

W = fuel  flow  limit 

N1  = gas  generator  shaft  rmp  limit 
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C = compressor  (Nj/Sj^)  limit 


N2  = output  shaft  rmp  limit 


Q = torque  limit 


PRIMARY  ENG.  PEHF ; 


The  primary  engine  horsepower  fraction. 
This  is  the  ratio  of  power  being  used 
at  any  altitude,  flach  number  condition 
to  the  maximum  ’.-ower  available  at  that 
condition . 


In  addition,  the  following  data  is  printed  out  in  different 
segments : 


AUX.  TURB.  TEMP; 


AUX.  ENG.  CODE; 


A code  letter  which  designates  the 
condition  governing  tV  J auxiliary 
independent  engine  perfonmance : (code 
is  same  as  for  primary  engines) . 


AUX.  ENG.  PEHF: 


The  auxiliary  independent  engine  thrust 
or  horsepower  fraction.  This  is  the 
ratio  of  thrust  or  power  being  used  at 
any  altitude,  Mach  number  condition  to 
the  maximum  thrust,  or  power  available 
at  that  condition. 


AUX.  ENG.  FUEL  FLOW: 


Auxiliary  independent  engine  time  rate 
of  fuel  consumption  in  pounds  per  hour. 


TOTAL  FUEL  FLOW: 


Total  time  rate  of  fuel  consumption 
(primary  plus  auxiliary  independent 
engines)  in  pounds  per  hour. 


The  thrust-to-weight  ratio  (printed  out 
in  takeoff,  hover,  and  landing) . 


BHP: 


Total  power  required  (printed  out  in 
takeoff,  hover,  and  landing,  climb, 
cruise,  descent,  and  loiter). 
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The  auxiliary  independent  engine  turbine 
temperature . 


Main  rotor  overall  hover  figure  of  merit 
(for  a tandem  rotor  configuration,  this 
includes  rotor/rotor  interference) 
(printed  out  in  takeoff,  hover  and 
landing) . 


ifRPPiPf? 


CT: 


CT/SIGMA: 


EAS: 


MU: 


CT  PRIME/SIGMA: 


ALPHA  D/L: 


HMPP: 


GAMMA: 


R/C: 

R/S: 


> - 3r.  .M 


IT 


Main  rotor  thrust  coefficient  (printed 
out  in  takeoff,  hover,  and  landing, 
climb,  cruise,  descent,  and  loiter) . 


CT/main  rotor  solidity  (printed  out  in 
takeoff,  hover,  and  landing) . 


The  equivalent  airspeed  in  knots 
(printed  out  in  climb,  cruise,  descent, 
and  loiter) . 


Main  rotor  advance  ratio  (printed  out 
in  climb,  cruise,  descent,  and  loiter). 


Main  rotor  cruise  lift  coefficient/main 
rotor  solidity  (printed  out  in  climb, 
cruise,  descent,  and  loiter) . 


Angle  of  total  rotor  thrust  (lift  plus 
propulsive  force)  vector  with  respect 
to  a line  perpendicular  to  the  A/C 
flight  path  (printed  out  in  climb, 
cruise,  descent  and  loiter) . 


The  specific  range  in  nautical  miles 
per  pound  (printed  out  in  cruise) . 


The  flight  path  angle  in  degrees 
(printed  out  in  climb  and  descent) . 


Rate  of  climb  in  feet  per  minute 
(printed  out  in  climb) . 


Rate  of  descent  in  feet  per  minute 
(printed  out  in  descent) . 


6. 1.4. 2 Detailed  Printout 


In  addition  to  ^he  data  printed  above,  the  following  data 
(unless  noted  otherwise)  will  be  printed  in  takeoff,  hover, 
and  landing,  climb,  cruise,  descent,  and  loiter  segments  if 
the  OPTIONAL  PRINT  INDICATOR  = 1: 


VRC  RHP! 


Vertical  rate  of  climb  rotor  horsepower 
(printed  out  only  in  takeoff,  hover  and 
landing) . 


FMI: 


Isolated  main  rotor  hover  figure  of 
merit  (printed  out  only  in  takeoff, 
hover,  and  landing). 
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TOTAL  FUEL  FLOW: 

M.  ROTOR  VTIP: 

M.  ROTOR  RHP; 

T.  ROTOR  VTIP: 

T.  ROTOR  RHP: 

PRIM.  ENG.  FUEL  FLOW; 
AUX.  ENG.  FUEL  FLOW: 

ROTLIM  CODE: 


DELCDM: 


CPPRO ; 

CPIND: 

CDO: 

PROP  VTIP: 
BHP  AUX; 

ETAP  PROP; 


pppiiipg 


Total  fuel  consumption  (primary  + • 

auxiliary  independent  engines)  - Ib/hr 
(printed  out  only  in  loiter) . 

Main  rotor  tip  speed  - feet  per  second 

Main  rotor  horsepower  (no  losses) 

Tail  rotor  tip  speed  - feet  per  second 

Tail  rotor  horsepower  (no  losses) 

Primary  engine  fuel  consumption  - Ib/hr 

Auxiliary  independent  engine  fuel 
consumption  - Ib/hr 

A code  letter  which  designates  whether 
main  rotor  has  exceeded  the  rotor  limits 
input  to  the  program. 

A = Within  input  rotor  limits 

E = Rotor  limits  exceeded 

Compressibility  drag  coefficient  incre- 
ment to  rotor  profile  power.  In  hover, 
it  is'  a function  of  rotor  O^/o  and 
Vtip-  In  cruise  it  is  a function  of 
rotor  Ct/o  and  advancing  blade  tip  Mach 
number  (only  printed  out  when  a rotor 
"cycle"  is  input) . 

Rotor  profile  power  coefficient  (only 
printed  out  when  a rotor  "cycle"  is 
input) . 

Rotor  induced  power  coefficient  (only 
printed  out  when  a rotor  "cycle"  is 
input)  . 

Rotor  profile  drag  (total)  coefficient 
(only  printed  out  when  a rotor  "cycle" 
is  input) . 

Propeller  tip  speed  - ft/sec. 

Auxiliary  propulsion  power  required  (not 
printed  out  in  takeoff,  hover,  and 
landing) . 

Propeller  cruise  efficiency 
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TAUX/T : 


AUX.  ENG.  FUEL  FLOW: 


AUX.  TURB.  TEMPI 


AUX.  ENG.  CODE: 
AUX.  ENG.  PEHF: 


Ratio  of  auxiliary  propulsion  thrust  to 
total  configuration  thrust  required. 


Same  as  noted  earlier 


AUX.  ENG.  BHP  OR  THRUST:  Auxiliary  independent  engine  power 

(if  ENGIND  = 0,  horsepower  required 
printed  out.  If  ENGIND  = 1,  thrust 
required  printed  out) . 


CPPAR: 


CPNUD: 


DELCDS : 


CXR: 


Rotor  parasite  power  coefficient  (only 
printed  out  when  a rotor  "cycle"  is 
input) . 

Rotor  nonuniform  downwash  power  coeffi- 
cient (only  printed  out  when  a rotor 
"cycle"  is  input) . 

Retreating  blade  stall  coefficient 
increment  to  rotor  profile  power  (only 
printed  out  when  a rotor  "cycle"  is 
input) . 

Rotor  propulsive  force  coefficient 

Propeller  advance  ratio 

Propeller  power  coefficient 

Propeller  thrust  coefficient 

Wing  lift  coefficient 

Wing  profile  drag  coefficient 

Fraction  of  total  lift  carried  by  rotor 


6. 1.4. 3 Headings 


At  the  beginning  of  each  segment,  a printout  will  identify  the 
segment  data  which  follows.  The  following  messages  can  be 
printed : 


a . TAXI  FOR 


HRS.  AT  GROUND  IDLE  ENGINE  RATING 


6-15 


b.  TAKEOFF,  HOVER,  OR  LAND  AT  T/W  = FOR  HRS. 

or:  TAKEOFF,  HOVER,  OR  LAND  AT  PEHF  = , FOR  HRS. 

c.  CLIMB  TO  FT.  WITH  MAX  R/C  AT  ENGINE  RATING 

CLIMB  TO  FT.  WITH  CONSTANT  EAS  AT  ENGINE  RATING 

CLIMB  TO  FT.  WITH  CONST.  MACH  NO.  AT  ENGINE 

RATING 

CLIMB  TO  FT.  WITH  CONSTANT  TAS  AT  ENGINE 

RATING 

CLIMB  TO  OPT.  ALT.  FOR  NEXT  CRUISE  WITH  MAX.  R/C  AT 

ENGINE  RATING,  MAXIMUM  ALT.  FT. 

CLIMB  TO  OPT.  ALT.  FOR  NEXT  CRUISE  WITH  CONSTANT  EAS 

AT  ENGINE  RATING,  MAXIMUM  ALT.  FT. 

CLIMB  TO  OPT.  ALT.  FOR  NEXT  CRUISE  WITH  CONST.  MACH  NO. 

AT ENGINE  RATING,  14AXIMUM  ALT.  FT. 

CLIMB  TO  OPT.  ALT.  FOR  NEXT  CRUISE  WITH  CONSTANT  TAS 
AT  ENGINE  RATING,  f4AXIMUM  ALT.  FT. 

d.  CRUISE  AT  ENGINE  RATING 

CRUISE  AT  KNOTS  TAS  LIMITED  BY  ENGINE  RATING 

CRUISE  AT  BEST  RANGE  SPEED  WITH  HEADWIND  OF  KNOTS 

CRUISE  AT  SPEED  FOR  99  PERCENT  BEST  RANGE  WITH  HEADWIND 
OF  KNOTS 

CRUISE  AT  BEST  RANGE  SPEED  WITH  HEADWIND  OF  KNOTS, 

CONSTANT  W/DELTA  = 

e.  DESCEND  TO  H = FT  AT  CONSTAIJT  EAS 

DESCEND  TO  H = FT  AT  CONSTANT  TAS 

DESCEND  TO  H = FT  AT  CONSTANT  TAS  (SPIRAL  DESCENT 

PATH) 

DESCEND  TO  H = FT  AT  CONSTANT  EAS  (SPIRAL  DESCENT 

PATH) 


DESCEND  TO  H FT  AT  CONSTANT  MACH  NO. 

DESCEND  TO  H = FT  AT  CONSTANT  MACH  NO.  (SPIRAL 

DESCENT  PATH) 
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DESCEND  TO  H = FT . , R = NM  AT  CONSTANT  EAS 

DESCEND  TO  H = FT.,  R = NM  AT  CONSTANT  MACH  NO. 

DESCEND  TO  H * FT . , R = NM  AT  CONSTANT  TAS 

f.  LOITER  FOR  HRS. 

g.  CHANGE  FUEL,  ADD  LB 

CHANGE  FUEL,  REMOVE  LB 

h.  CHANGE  PAYLOAD,  ADD  LB 

CHANGE  PAYLOAD,  REMOVE  LB 

i.  TRANSFER  ALTITUDE  TO  FT 

After  the  complete  mission  history  has  been  printed,  the  fol- 
lowing fuel  summary  will  be  printed: 

MISSION  FUEL  REQUIRED  = 

RESERVE  FUEL  REQUIRED  = 

TOTAL  FUEL  REQUIRED  = 

NOTE:  If  segments  1 through  6 are  used  for  reserve  fuel 

calculations,  headings  a.  through  f.  will  be  followed 
by  the  statement  FOR  RESERVE  FUEL. 
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6 . 2  LIST  OF  DIAGNOSTIC  ERROR  PRINTOUTS 


6.2.1  Errors  Affecting  Main  Control  Loop 

6. 2. 1.1  ***  ERROR  THE  USER  REQUESTED  PRIMARY  ENGINE  CYCLE 
NO.  XXX  BUT  THE  INPUT  DECK  WAS  SET  UP  TO  USE  NO.  YYY 

The  operator  used  em  engine  cycle  whose  identifi- 
cation number  differed  from  that  requested  by  the 
user  (LOC  0217) 


REMEDY:  Use  correct  engine  cycle 

6. 2. 1.2  ***  ERROR  THE  USER  REQUESTED  ROTOR  MAP  NO.  XXX  BUT 
THE  INPUT  DECK  WAS  SET  UP  TO  USE  NO.  YYY 

The  operator  used  a rotor  map  whose  identifica- 
tion number  differed  from  that  requested  by  the 
user  (LOC.  0170) 

REMEDY:  Use  correct  rotor  map 

6. 2. 1.3  ***  ERROR  THE  USER  REQUESTED  ROTOR  CYCLE  NO.  XXX  BUT 
THE  INPUT  DECK  WAS  SET  UP  TO  USE  NO.  YYY 

The  operator  used  a rotor  cycle  whose  identifi- 
cation number  differed  from  that  requested  by 
the  user  (LOC.  0171) 

REMEDY:  Use  correct  rotor  cycle 

6. 2. 1.4  ***  ERROR  THE  USER  REQUESTED  AUXILIARY  ENGINE  NO. 

XXX  BUT  THE  INPUT  DECK  WAS  SET  UP  TO  USE  NO.  YYY 

The  operator  used  a auxiliary  engine  whose  iden- 
tification number  differed  from  that  requested  by 
the  user  (LOC.  0242) 

REMEDY:  Use  correct  auxiliary  engine 

6. 2. 1.5  ***  ERROR  THE  USER  REQUESTED  PROP  TABLE  NO.  XXX  BUT 
THE  INPUT  DECK  WAS  SET  UP  TO  USE  NO.  YYY 

The  operator  used  a propeller  table  whose  identi- 
fication number  differed  from  that  requested  by 
the  user  (LOC.  0260) 

REMEDY:  Use  correct  propeller  table 

6. 2. 1.6  ERROR  ***  THE  FIRST  SEGMENT  INDICATOR  OF  A MISSION 
CANNOT  BE  0.,  100.,  or  5.  (RMAXND  - 0)  SEE  USERS 
MANUAL 


REMEDY:  Check  all  tall  rotor  sizing  Input  data 

^TR»  ®TTR'  ^TR»  ©tc.) 

6.2.1.16  AFTER  20  ITERATIONS,  Xj^j/Ag  DOES  NOT  CONVERGE 

This  loessage  will  be  printed  if  Xm/Ib  calculated 
by  the  main  rotor  position  sizing  option 
(MRPINO  « 1 or  2)  does  not  converge. 

REMEDY:  Check  all  input  values  required  for  this 
option  (LOC  2678  - LOC  2696) 

6.2.1.17  GAMMA  FAILED  TO  CONVERGE  IN  20  ITERATIONS  - 
SUBROUTINE  THRUST 


This  message  will  be  printed  if  the  propeller 
thrust  calculation  routine  cannot  converge  on  a 
thrust  and  efficiency  that  will  match  the  re- 
quired thrust.  Such  an  error  is  unlikely  and 
would  occur  only  in  cases  involving  extreme 
thrust  requirements. 

REMEDY:  Review  input  data  that  specifies  propeller 
requirements . 

6.2.2  Errors  Related  to  Tabulated  Inputs 


***  ERROR* **THE  FOLLOWING  VALUES  MAY  NOT  BE  ACCURATE. 
THE  INDEPENDENT  VARIABLE  WAS  OUT  OF  RANGE  OF  THE 
TABLE.  THESE  VALUES  WERE  CALCULATED  USING  THE  YYYYY 
VALUE  GIVEN  IN  THE  TABLE.  THIS  ERROR  IS  IN  THE  XXXXX 
TABLE. 


This  message  occurs  whenever  the  computer  is 
required  to  look  up  a value  in  a ted>le  of  input 
quantities  at  a calculated  value  of  the  indepen- 
dent variable  which  lies  outside  the  remge  of 
the  input  values  of  the  independent  varied?le. 

If  the  calculated  independent  vetrieUsle  is  below 
the  lowest  value  of  the  input  table,  the  computer 
uses  the  first  value  in  the  table  and  YYYYY  in  the 
message  reads  FIRST.  If  it  lies  above  the  high- 
est value,  the  last  value  in  the  table  is  used 
and  YYYYY  becomes  LAST. 


XXXXX  in  the  last  line  of  this  message  identifies 
the  t<d)le  in  which  the  error  occurs.  The  tables 
in  which  this  could  occur  are  shown  below.  The 
third  column  indicates  the  part  of  the  message 
which  is  shown  above  as  XXXXX. 
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INDEPENDENT  DEPENDENT 

VARIABLE  VARIABLE  XXXXX 

M np4  M,  ETAP4 

Cl  cl,  CDWI 

h e H-THETA 

Ct  %OVa  KHOVA  TABLE 

^ (SUBR.  ROTPOW) t 

EPSILON  ^INTO  EPSILON-KINTO  TABLE 

(SUBR.  ROTPOW) tt 

w Knud  mu-knud  table 

(SUBR.  ROTPOW) tt 

Ct  %0V»  KHOVATR  TABLE 

^R  (SUBR.  ROTPOW)  tt 

(0/L)/D  K2n  SIZTR  SUBR. 

Nii/NjioPT  KpN  NSUB2  CORRECTION  FACTOR 

(Nj/Nj*) (D/v^)  Kpp  REYNOLDS  NUMBER 

Q/Q*  T/e  TORQUE  LIMIT  LOOK  UP 

(SHP/6/0SHP*)req  T/fl  POWER  REQUIRED  LOOK  UP 

Cl  y propeller  equivalent 

LIFT  DRAG  POLARt 

C^^  Cp  CTI-  CP 


t Strlctlly  speaking,  this  table  is  not  em  input.  The  table 
is  calculated  in  the  main  control  loop  using  BLOCK  DATA  and 
the  input  value  of  INTEGRATED  LIFT  COEFFICIENT  (LOC.  0259) . 
The  error  message  indicates  that  the  value  of  Cl  used  was 
above  the  maximum  value  in  the  table.  This  will  occur  only 
if  an  unusual  combination  of  high  power  coefficient  and  low 
propeller  activity  factor  exists.  In  such  a case  the  user 
should  change  the  propeller  input  parameters  to  obtain  a 
propeller  that  more  closely  matches  the  performance 
requirements . 


ttThls  table  is  not  input.  It  is  stored  as  BLOCK  DATA 


***error***  the  following  values  may  not  be  accurate 

THE  AAA  INDEPENDENT  VARIABLE  IS  OUT  OF  RANGE  OF  THE 
TABLE.  THE  PROGRAM  USED  THE  BBB  VALUE  IN  TABLE  TO 
CALCULATE.  THIS  ERROR  IS  IN  THE  XXXX  PART  OF  THE 
YYYYY  TABLE . 

This  message  is  printed  whenever  one  of  the 
calculated  Independent  variables  lies  outside 
the  range  of  the  independent  variables  defining 
the  table  input  by  the  user. 

The  XXXX  and  YYYYY  parts  of  the  message  respec- 
tively name  the  Independent  variable  and  the 
.t2d>le  in  which  the  error  occurred.  AAA  stemds 
for  FIRST  or  SECOND,  BBB  stands  for  First  or 
LAST. 

The  tables  in  which  this  error  could  arise  are 
shown  below.  The  items  in  parentheses  show  the 
variables  as  they  appear  in  the  error  message. 


DEPENDENT 

VARIABLE 

INDEPENDENT 
VARIABLES  (XXXX) 

NAME  OF 

TABLE  (YYYYY) 

ACdm 

Cl  (CL),  M 

COMPRESSIBILITY 

DRAG 

Ph/«  Ph* 

T/e 

(T),  M 

REFERRED  THRUST 

SHP/6/eSHP* 

T/6 

(T)  , M 

REFERRED  POWER 

w/fi/esHP* 

T/0 

(T),  M 

REFERRED  FUEL  FLOW 

or 

W/6/iB^ 

Nj//eN* 

T/e 

(T)  , M 

REFERRED  NSUBl 

T/0 

(T)  , M 

REFERRED  NSUB2 

Cq, 

Cp  (CP)  , M 

PROPELLER  POWER 
COEFFICIENT 

CpV® 


M,  Cx/o 


CT '/SIGMA  TABLE 
(SUBR.  ROTLIM) 


NAME  OF 
TABLE  (YYYYY) 


®Tm  DELTA  KHOVER  - 

tr  theta  t table 

Of  (SUBR  ROTPOW) + 

Otp  S,  Zff  PRANDTL  DRAG  INTER- 

FERENCE TABLE  (AERO 
SUBR)  t 


DEPENDENT  INDEPENDENT 

VARIABLE  VARIABLES  (XXXX) 


Cp/a 

y , Cijt'/a  , Cx/ o 

CTP/SIGMA  ROTOR  MAP 
(Type  I Rotor  map) 

Cpg/a 

Cl,  MtIP 

HOVER  PORTION  OF  THE 

ROTOR  MAP 

(Type  I Rotor  map) 

F.M. 

Cip,  Mqtjp 

HOVER  PORTION  OF  THE  FM 
ROTOR  MAP 

(Type  II  Rotor  map) 

L/Dg  V,  Cfs'/a,  X/L  L/De  ROTOR  MAP 

(Type  II  Rotor  map) 

REMEDY:  Rewrite  the  input  table  so  that  the  inde- 
pendent varieUsle  that  was  previously  out  of 
range  will  fall  into  the  range  of  the  new 
ted>le. 


tThia  table  is  not  input.  It  is  stored  as  BLOCK  DATA. 


6.2.3  Errors  Occurinq  in  Performance  Calculations 


6. 2. 3.1  NARNIMG:  ROTOR  LIMIT  HAS  BEEN  EXCEEDED.  FORWARD 

FLIGHT  SPEED  HAS  BEEN  REDUCED  ACCORDINGLY.  CHECK  ALL 
VALUES  OP  TAS,  MU,  CT* /SIGMA  AMD  CXR  IN  THIS  PERFORM- 
ANCE LEG. 


6-24 


This  message  will  be  printed  in  segments  climb, 
cruise,  descent  and  loiter  if  a rotor  limit  has 
been  exceeded. 

REMEDY:  Check  rotor  limits  ted)ular  input  values 

(LOC  0347  - 0395)  amd  segment  input  values. 

6. 2. 3. 2 WARNING:  ROTOR  LIMIT  HAS  BEEN  EXCEEDED.  EITHER 
REDUCE  MAIN  ROTOR  THRUST  REQUIREMENTS  AT  THESE  OPER- 
ATING CONDITIONS  OR  INCREASE  MAIN  ROTOR  TIP  SPEED, 
CHECK  ALL  VALUES  OF  CT/SIGMA  IN  THIS  PERFORMANCE  LEG. 

This  message  will  be  printed  in  the  takeoff 
hover,  and  landing  segment  if  a rotor  limit  has 
been  exceeded. 

REMEDY:  Check  rotor  limits  tabular  input  values 

(LOC  -347  - 0395)  and  segment  input  values. 

6. 2. 3. 3 CAUTION:  TAIL  ROTOR  ANTI-TORQUE  THRUST  REQUIRED  AT 
THIS  OPERATING  CONDITION  IS  NEGATIVE.  CHECK  ALL 
VALUES  OF  CLFIN. 

This  message  is  printed  in  forward  flight  (climb, 
cruise,  descent,  and  loiter  segments)  when  single 
rotor  helicopter  vertical  tail  fin  lift  exceeds 
the  total  euiti -torque  thrust  required  at  a given 
operating  condition  (resulting  in  a negative 
anti-torque  thrust  required  for  this  tail  rotor) . 
This  condition  can  be  the  result  of: 

a)  too  much  vertical  tail  fin  area 

b)  tail  fin  operating  at  too  large  a fin  C;^ 

REMEDY:  Check  size  requirements  for  vertical  tail 
and  input  value  for  fin  operating  C^ 

(LOC  0216) 

6. 2. 3. 4 CAUTION:  TAIL  ROTOR  CT  EXCEEDS  .030.  TAIL  ROTOR  TIP 
SPEED  RESET  - CHECK  ALL  VALUES  IN  PERFORMANCE  LEG. 

This  message  is  printed  when  the  tail  rotor  Cp 
exceeds  .03.  This  condition  can  be  the  result  of 

a)  too  small  a tail  rotor  dicuneter 

b)  operating  the  tail  rotor  at  too  low  a tip 
speed 

REMEDY:  Check  the  sizing  requirements  for  the  tail 
rotor  diameter,  or  increase  the  tail  rotor 
tip  speed. 
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6. 2. 3. 5 


INSUFFICIENT  POWER  AVAILABLE  TO  HOVER.  (T/W)  AVAIL- 
ABLE LESS  THAN  (TA^)  REQUIRED  AT  DESIGN  DOWNLOAD. 


This  message  will  be  printed  out  during  the  take- 
off, hover  and  landing  segment  if  the  value  of 
T/W  calculated  from  the  input  PEHF  (TOLIND  = 2 or 
4)  is  less  than  that  required  to  provide  suffi- 
cient thrust  to  overcome  hover  download  (based  on 
the  design  (T/W)d  LOG  0228).  NOTE:  (T/W)^  is 
always  input. 

REMEDY:  Increase  the  input  value  of  PEHF 

6. 2. 3. 6 CAUTION  PEHF  IS  GREATER  THAN  1 

This  message  indicates  a condition  for  which 
greater  than  100  percent  of  maximum  power  or 
thrust  was  required  during  takeoff,  hover  or 
landing . 

REMEDY:  Increase  engine  power  available  or  decrease 
. required  thrust-weight  for  hover 

6. 2. 3. 7 WARNING:  THIS  CASE  HAS  BEEN  TERMINATED  BECAUSE  OF 
INSUFFICIENT  POWER  AVAILABLE  FOR  CLIMB  AT  THIS  FLIQIT 
CONDITION.  CHECK  ALL  INPUTS 

This  message  is  print«>d  if  the  engine  thrust  or 
power  input  by  the  user  is  insufficient  to  allow 
the  aircraft  to  climb. 

REMEDY:  a)  Increase  the  engine  power  or  thrust, 
whichever  is  appropriate , or 

b)  Inspect  the  inputs  which  determine  drag 
and  adjust  them  if  they  appear  to  give  a 
grossly  over-rated  value  of  drag. 

6. 2. 3. 8 WARMING:  THIS  CASE  HAS  BEEN  TERMINATED  BECAUSE  THE 
CLIMB  ANGLE  IS  TOO  LARGE  DUE  TO  EXCESSIVE  POWER 
AVAILABLE  AT  THIS  FLIGHT  CONDITION.  CHECK  ALL  INPUTS 

This  message  is  printed  if  the  engine  thrust  or 
power  input  by  the  user  is  excessive  (resulting 
in  climb  angles  greater  than  45°)  for  the  flight 
condition  desired. 

REMEDY:  a)  Decrease  the  engine  power  or  thrust  or 

b)  Increase  the  value  of  the  drag  input  to 
this  segment 
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6. 2. 3. 9  INSUFFICIENT  POWER  AVAILABLE  FOR  CRUISE  AT  INPUT 
TAUXTT 

This  message  will  be  printed  during  cruise,  if  in 
the  case  of  a compound  or  auxiliary  propulsion 
helicopter,  the  input  value  of  T^ux/^TOT  not 

permit  a power  or  thrust  available-required  match 
at  a given  cruise  speed. 

REMEDY;  Check  T^ox/^TOT  ij^puts  in  the  cruise  segment. 


6.2.3.10  ERROR  *****  INSUFFICIENT  POWER  AVAILABLE  FOR  CRUISE 
AT  DESIRED  SPEED 

This  message  will  be  printed  during  cruise  if 
CRSIND  = 2 (cruise  at  specified  true  airspeed) 
and  insufficient  power  is  available  to  maintain 
steady  level  flight  at  the  desired  speed.  The 
remaining  cruise  calculations  will  be  at  constant 
power  setting. 

REMEDY:  Increase  engine  power,  decrease  drag  level, 
or  decrease  required  cruise  speed. 

6.2.3.11  CAUTION  SPEED  LIMITED  BY  POWER/THRUST  AVAILABLE  AT 
SPECIFIED  POWER  SETTING 


This  message  will  be  printed  when  power  or  thrust 
available  is  insufficient  to  allow  the  aircraft 
to  cruise  at  speed  for  99%  best  remge  as  speci- 
fied by  selecting  CRSIND  = 4.  or  6.  (LOC  0721 
through  0730) 

6.2.3.12  INSUFFICIENT  POWER  FOR  STEADY  LEVEL  FLIOIT 

This  message  appears  during  the  loiter  segment 
calculations . 

REMEDY:  Check  power  available  and  drag  level. 

6.2.3.13  CLQS  IS  TOO  LARGE  FOR  DESCENT  AT  REQUIRED  SPEED 

This  message  is  printed  out  when,  in  the  case  of 
a winged  helicopter,  the  wing  contribution  to 
the  total  aircraft  lift  is  too  high  to  permit 
this  aircraft  to  descend. 


REMEDY:  Reduce  wing  operating  C^ 
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6.2.3.14  INSUFFICIENT  POWER  TO  DESCEND  AT  THE  REQUIRED  SPEED 

This  message  is  printed  out  when  the  aircraft 
has  insufficient  power  to  descend  at  the  re- 
quired speed. 

REMEDY:  Reduce  value  of  drag  input  in  this  segment. 

6.2.3.15  TERMINAL  RANGE  EXCEEDED,  SPIRAL  DESCENT  REQUIRED 

This  message  is  printed  when  the  predicted 
flight  path  ends  beyond  the  specified  terminal 
range  (RMAXND  = 1)  . 


REMEDY : Reevaluate  terminal  range  requirement  or 
increase  value  of  drag  input  in  this 
segment . 

6.2.3.16  TERMINAL  RANGE  NOT  ATTAINED,  USE  MORE  CRUISE  OR  A 
SHALLOWER  DESCENT 

This  message  is  printed  out  when  the  predicted 
flight  path  ends  before  the  specified  terminal 
range  (RMAXND  = 1) . 

REI4EDY : Reevaluate  the  terminal  range  requirement 
or  reduce  the  drag  input  to  this  segment. 

6.2.3.17  **ERROR***  THE  RANGE  NECESSARY  TO  DESCEND  IS  GREATER 
THAN  THE  RANGE  OF  THE  TABLE  CALCULATED  IN  CRUISE. 
THIS  MAY  BE  DUE  TO  A DELTA  R IN  CRUISE  WHICH  IS  TOO 
SMALL. 

The  computer  saves  the  last  ten  points  of  the 
cruise  from  Rmax  backward  so  that  an  iteration 
can  be  carried  out  to  find  the  correct  point  to 
start  the  descent  when  RMAXND  = 0.  This  error 
message  is  printed  if  the  stored  values  do  not 
cover  a sufficient  range  back  from  Hniax*  Either 
AR  is  too  small  or  the  angle  of  descent  is  very 
small. 

REMEDY:  Check  AR  (LOC.  0771  through  0780). 
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7.0  PROGRAM  USAGE 


7.1  COMMENTS  ON  PROGRAM  USAGE 

Following  are  a list  of  rules  and  suggestions  for  using  the 

program: 

7.1.1  Rules 

1.  DO  not  use  descent  option  RMAXND  = 0 unless  preceded  by  a 
cruise. 

2.  Do  not  input  a turbofan  or  turbojet  engine  cycle  for  the 
primary  engines. 

3.  (T/W)o  (LOG  0228)  must  always  be  input.  This  is  the  basic 
configuration  design  thrust-to-weight  ratio.  It  is  used 

to  establish  the  basic  configurations  download  for  calcula- 
tion of  both  hover  and  low  forward  speed  performance. 

4.  If  FIXIND  = 0 and  FIXINDI  = 1.0,  locations  0234  -►  0241 
must  be  input  to  allow  sizing  of  the  auxiliary  independent 
engines. 

5.  If  FIXIND  = 1 and  ESCIND  = 1 only  fixed  size  auxiliary 
independent  engines  (FIXINDI  = 0.0)  may  be  input. 

6.  If  OPTIND  = 2,  the  helicopter  parasite  drag  should  be  input 

as  two  terms.  The  wing  (if  there  is  one)  profile  drag  co- 
efficient is  input  to  the  table  of  versus  Cl,  and  all 

other  component  contributions  are  input  by  means  of  the 
term  AF^  (LOG  0316) . The  terms  ^D^P'  ^Dpp^  ^^CSMR^  ^^SHMR^ 

^DcstR'  ^*^SHTR'  ^^N'  ^DnS'  ^DvT'  ^DhT*  *^HPIM' 

%PIT'  *^N'  Kni,  KNSf  Kp,  Kvt»  and  Kjj<r  are  not  used  in  OPTIND 
~ 2.  If  the  option  indicator  is  1,  all  terms  and  factors 
may  be  used. 

7.  If  cruise  is  followed  by  descent  with  RMAXND  = 0,  the 
cruise  step  size  (LOG.  0771  - 0780)  should  not  be  less  than 
10  to  15  nautical  miles.  This  is  necessitated  by  the  fact 
that  a table  of  cruise  conditions  is  compiled  during  cruise 
to  use  in  the  determination  of  the  starting  point  for 
descent.  This  table  consists  of  10  points.  The  cruise  step 
size  therefore  must  be  sufficiently  large  to  ensure  that  the 
total  of  nine  steps  in  range  is  greater  than  the  range 
required  for  the  following  descent.  A cruise  step  size 
which  is  too  small  will  lead  to  termination  of  the  case 
with  the  printout: 
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***  ERROR  ***  THE  RANGE  NECESSARY  TO  DESCEND  IS 
GREATER  THAN  THE  RANGE  OP  THE  TABLE  CALCULATED  IN 
CRUISE.  THIS  MAY  BE  DUE  TO  A DELTA  R IN  CRUISE 
WHICH  IS  TOO  SMALL. 

8.  At  present  do  not  use  SGTIND  = 7 with  OPTIND  = 1 unless 
a sufficiently  large  AWf  is  input  to  completely  refuel 
the  aircraft.  This  rule  will  be  eliminated  by  future 
modifications  to  the  progreim.  For  the  present,  missions 
employing  change  of  fuel  can  be  analyzed  by  running 
separate  cases,  a new  case  each  time  the  fuel  is  changed. 
The  aircraft  can  be  separately  sized  for  each  case  and 
compared  manually. 

9.  The  value  for  payload  which  is  input  (LOC.  2604)  should 
be  the  payload  at  initial  takeoff. 

7.1.2  Suggestions 

1.  Input  locations  0005  -»■  0022  are  arranged  in  a sequential 
order  (1st  and  2nd  order  size  trend  and  propulsion  indica- 
tors) which  allows  configuration  types  to  be  input  in  a 
logical  "building  block"  manner.  Use  of  this  arrangement 
facilitates  the  input  of  data.  For  excimple  if  the  user 
wishes  to  input  a single  rotor  auxiliary  independent 
engine  compound  helicopter,  the  following  input  sequence 
follows: 

a)  Input  CNFIND  = 1 (single  rotor  helicopter) 

b)  Input  AUXIND  = 4 (compound  helicopter) 

c)  Since  a compound  helicopter  has  wings,  input  desired 
wing  sizing  options  (S^IND  and  bv/IND)  . 

d)  Input  AIPIND  = 2 (auxiliary  independent  engines) 

e)  Input  desired  type  of  auxiliary  independent  engine 
(ENGIND) 

f)  Input  those  options  pertaining  only  to  single  rotor 
helicopters  (TRDIND,  TRSIND,  VTFIND,  HTIND,  and 
MRPIND) 


If  nonstandard  atmosphere  is  required  only  for  constant 
altitude  segments,  such  as  loiter,  cruise,  and  takeoff, 
the  table  of  temperature  ratio  versus  altitude  need  not 
be  filled  in.  The  nonstandard  atmosphere  may  be  obtained 
by  use  of  ATMIND  = 1. 

If  it  is  desired  to  run  OPTIND  = 2 for  a helicopter  which 
has  previously  been  sized  in  a separate  case,  the  drag 
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will  be  represented  correctly  if  the  output  values  of 
as  and  as  from  the  sizing  case  are  input  for  the  OPTIND 
= 2 case  to  AFe  (LOC  0316)  and  Kw  (LOG  0327)  respectively, 
and  if  the  table  is  filled  in  identically  to  the 

sizing  case. 

4.  To  represent  engines  which  are  buried  in  the  fuselage, 

input  Kn  (LOG  0323)  or  (LOG  0324)  , or  both  as  zero 

and  Zi,  Z2f  Z3  (LOGS  0142,  0143,  and  0144)  or  Z4,  Z5,  Zg 
(LOGS  0146,  0147,  0148)  or  both  as  zero.  The  component 
drag  will  then  be  zero  and  the  calculation  of  engine/ 
nacelle  dimensions  will  be  bypassed. 

5.  The  order  in  which  segments  7 and  8 are  used  is  important 
due  to  the  fact  that  the  program  will  not  permit  the  air- 
craft weight,  during  a change  of  weight  segment,  to 
exceed  gross  weight.  As  an  example,  to  simulate  adding 
200  pounds  of  payload,  followed  by  refueling  back  to  gross 
weight  limits,  the  eighth  performance  segment  (change  of 
payload  weight)  should  be  entered  first  with  an  input  of 
AWpL  (LOG  1161  through  1170)  of  200.  Then,  the  change  of 
fuel  weight  segment  can  oe  entered  with  a large  number 
input  for  the  AWf  quantity. 

6.  The  weights  factors  through  K20  (LOG  2654-2673)  have  a 
nominal  value  of  1.0  assigned  to  them  by  the  program. 

These  factors  need  not  be  input  unless  a nonunity  value 
is  desired.  Similarly,  the  incremental  group  weights, 

AWfc  (log  2605),  AWp  (LOG  2606),  and  AWst  (LOG  2607),  are 
nominally  zero  and  need  not  be  input  unless  a nonzero 
value  is  desired.  The  reserve  fuel  factors  (LOG  0032) 
and  6Wf  (LOG  0033)  are  nominally  unity  and  zero  respec- 
tively. The  fuel  flow  multiplier  Kpp  (LOG  0034)  is 
nominally  1.0. 

7.  A cruise  may  be  run  with  a headwind  for  cruise  options 
3 through  6 by  input  of  the  headwind  in  knots  in  loca- 
tions 0731  through  0740.  For  cruise  option  2 (specified 
constant  true  airspeed) , the  user  can  simulate  cruise  with 
a headwind  by  inputting  an  "equivalent"  value  for  Rmax 
(LOG  0791  - 0800) , obtained  by  adjusting  the  true  ground 
range  desired  by  the  ratio  airspeed  t ground  speed.  The 
prograun  output  values  for  range  must  then  be  readjusted 

by  the  Inverse  of  this  ratio  to  obtain  the  correct  ground 
range . 

7.2  DISGOSSION  OF  ROTOR  PERFORMANGE  GALGULATIOWS 

As  noted  in  section  4.5,  four  options  for  computing  rotor 
performance  are  available  to  the  program  user.  The  first  of 
these  (ROTIND  * 1)  utilizes  the  "short  form  aero"  rotor  per- 
formance method  which  can  be  described  as  follows: 
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The  short  form  aero  rotor  performance  methodology  is  a 
combination  of  momentum  theory  and  empirically  derived  factors  . 
The  four  elements  of  the  rotor  power  required  are : 

a)  induced  power  (power  required  to  generate  lift) 

b)  profile  power  (power  required  to  turn  the  rotor) 

c)  parasite  power  (power  required  to  supply  propulsive 
thrust  in  forward  flight) . 

d)  nonuniform  downwash  power  (power  correction  due  to 
nonuniform  inflow  and  downwash  effects  in  forward 
flight) . 

Figure  7-1  is  a summary  of  the  major  equations  used  in  this 
methodology.  A brief  description  of  their  applications 
follows: 

In  hover,  the  rotor  power  required  is  composed  of  only  two 
parts,  induced  and  profile  power.  The  induced  power  as  repre- 
sented by  the  equations  in  Figure  7-1  is  a function  of  the 
variables  KhqV'  ^oLf  and  C^.  is  the  adjustment  for  non- 

uniform  inflow  and  vake  contraction  effects  and  is  a function 
of  C<r,  blade  number,  and  blade  twist.  Kql  is  the  correction 
for  overlapping  rotors  (as  in  the  case  of  a tandem  rotor  heli- 
copter) . 

The  profile  power  is  simply  a function  of  the  integrated  blade 
drag  coefficient  (including  compressibility  effects)  at  a 
specified  operating  C^j,/^  and  blade  solidity. 

In  cruise,  the  rotor  power  is  composed  of  all  four  of  the 
components  listed  initially.  The  induced  power,  as  represented 
by  the  equations  in  Figure  7-1,  is  a function  of  the  quantities 
Kind»  Ct'»  and  y ' . Kjnd  is  the  induced  power  adjustment 

factor  which  accounts  for  blade  tip  and  other  losses.  Kijjt  is 
the  induced  power  adjustment  for  interference  between  tandem 
rotors.  Thus,  for  single  rotor  helicopters,  Kijjiji  is  equal  to 
1.  For  tandem  rotors,  the  value  of  Kjjjt  is  calculated  based 
on  tandem  rotor  overlap  and  an  empirically  derived  wake  sepa- 
ration angle,  e'.  Profile  power  is  simply  a function  of  the 
integrated  blade  drag  coefficient  (corrected  for  retreating 
blade  stall  and  advancing  blade  compressibility  effects)  at 
specified  operating  conditions  (Ct'/ct,  y,  Cx)  » blade  solidity, 
and  advance  ratio  (y) . The  parasite  power  is  a function  of 
the  propulsive  thrust  required  and  the  efficiency  of  the  rotor 
in  converting  power  into  that  propulsive  thrust  (in  addition 
to  providing  lift) . The  nonuniform  downwash  (NUD)  power  is  a 
correction  which  has  been  empirically  derived  from  a compari- 
son of  uniform  and  nonuniform  downwash  rotor  analyses.  The 
term  Knud»  which  is  a function  of  the  advancing  rotor,  is 
stored  as  BLOCK  DATA  in  this  program. 
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MAIN  ROTOR  IN  HOVER  MAIN  ROTOR  IN  CRUISE  FLIGHT 

SUMMARY  SUMMARY 


Short  Form  Aero  Rotor  Performance  Equations 


W ' ... 


In  order  to  obtain  a reasonable  estimation  of  power  required 
at  very  low  advance  ratios  (w  < 0.1)  where  neither  normal 
cruise  nor  hover  rotor  characteristics  totally  describe  the 
operating  environment  of  the  rotor,  an  empirical  fairing 
technique  is  used.  The  method  is  based  on  the  contracted 
induced  wake  angle  e : 


e = tan 


The  relationship: 


^ (2Vi/ (1.689V)) 


2 2 
sin  e + cos  e = 1 


is  used  to  provide  a smooth  transition  between  hover  and  cruise 
characteristics  for  the  affected  coefficients  while  insuring 
that  the  resulting  values  will  lie  within  the  boundaries  set 
by  hover  and  cruise  limiting  conditions. 


A detailed  description  of  the  equations  used  in  this  method- 
ology is  provided  by  inspection  of  Figure  4-14  (subroutine 
ROTPOW  flow  chart)  and  the  input  variable  list  included  in 
paragraph  5.3.1  of  Section  5.0.  The  empirical  factors  used 
in  this  methodology  are  input  as  noted  earlier,  in  "rotor 
cycle"  format.  The  input  sheet  used  for  this  purpose  is  in- 
cluded in  the  specimen  input  sheets  of  Section  5.2.  it  should 
be  noted  that  since  the  factors  specified  in  a "rotor  cycle" 
represent  integrated  blade  characteristics,  then  a given  "rotor 
cycle"  implicity  represents  a given  spanwise  chord  and  airfoil 
distribution.  Thus,  it  would  ultimately  be  possible  to  build 
up  an  extensive  library  of  "rotor  cycles"  with  varying  combi- 
nations of  planform  and  airfoil  distributions. 


In  the  case  of  ROTIND  = 2 (as  noted  in  Section  4.5)  input 
rotor  maps  (Type  I) , corrected  by  the  program  for  the  specific 
rotor  cind  helicopter  configuration  characteristics  under  study, 
are  employed.  When  ROTIND  = 3,  input  rotor  maps  (Type  I)  with 
no  corrections  applied  are  utilized.  When  ROTIND  = 4,  Type  II 
rotor  maps,  corrected  in  the  same  manner  as  in  option  two 
(ROTIND  = 2) , are  used.  A detailed  description  of  the  equa- 
tions and  variables  used  for  ROTIND  = 1,2,3,&4  is  available 
by  inspection  of  Figure  4-14  and  paragraph  5.3.1.  Figures  7-2 
cind  7-3  show  the  corrections  (Kdld»  TIGE/TOGE)  for  hover  in- 
ground  effect  applied  to  the  equations: 


T/W  = 1 + D.L.  (Kdld) 


Ct  = 4W(T/W) 

PTtDmr^NrVtip^  (TIGE/TOGE) 


used  in  calculating  hover  power. 


J 
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GROUND  PROXIMITY  DOWNLOAD  CORRECTION  FACTOR 


(hn  /DIA.)  FUSELAGE  BOTTOM/GROUND  HT.  RATIO 
F 


Figure  7-2.  Download  Sensitivity  to  Ground  Proximity. 
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DISCUSSION  OF  ROTOR  LIMITS 


The  function  of  the  rotor  limits  table  input  described  in 
Section  4.6  is  to  provide  realistic  (Ig)  level  flight  bound- 
aries for  helicopter  rotor  operation.  This  is  important 
because,  although  the  rotor  performance  calculation  (whether 
using  rotor  "cycles"  or  maps)  reflects  operation  near  stall 
through  rapidly  increasing  power  required  levels,  it  would 
still  be  possible,  using  a greatly  oversized  engine,  to  oper- 
ate in  this  region,  even  though  in  actual  fact  the  rotor  could 
be  overstressed  or  subject  to  structural  failure.  A typical 
rotor  limits  plot  is  illustrated  by  the  sketch  below; 


For  purposes  of  defining  the  tabular  rotor  limits  input,  the 
level  flight  conditions  are  of  interest  only,  although  single 
point  values  (Ct/o)h»  (Ct/o)cr  the  maneuver  flight  curve 

are  necessary  for  determining  (sizing)  main  rotor  solidity. 

Rotor  limits,  then  can  be  based  on: 

a)  incipient  rotor  blade  stall  limits  (Ig  level  flight) , or 

b)  incipient  rotor  blade  stall  and/or  rotor  blade  struc-  . 
tural  limits  for  maneuver  flight. 

Figure  7-4  shows  a summary  of  miscellaneous  rotor  limits  data 
(theoretical  and  flight  test) , for  both  the  Ig  level  flight 
and  maneuver  conditions.  The  rotor  limit  value  (C^/a)!]  en- 
countered in  hover  is  typically  due  to  stall  flutter.  This  is 
primarily  an  aeroelastic/control  system  stiffness  problem. 

Level  flight  rotor  limit  values,  as  noted  earlier,  are  a func- 
tion of  incipient  stall  and/or  stall  flutter.  Rotor  limits  in 
maneuver  flight  are  more  complex  to  understand  because  of  the 
Interaction  of  various  rotor  configurations  and  rotor  para- 
meters on  the  result.  For  example,  a rotor  system  with 
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relatively  high  rotor  blade  inertia  in  the  flapwise  direction, 
should  potentially  (in  a maneuver)  exhibit  a higher  maneuver 
g capability  (due  to  gyroscopic  processional  effects)  than  a 
rotor  with  less  inertia  in  the  flapwise  direction.  Other 
factors  influencing  rotor  limits  include  the  torsional  natural 
frequency  of  the  blade  as  it  interacts  with  stall  flutter, 
chordwise  bending  stresses  of  the  blade,  the  type  of  maneuver 
performed,  etc.  For  a more  detailed  discussion  of  this  matter 
see  References  12  to  15. 

Provision  has  been  made  in  the  rotor  limits  table  for  inclusion 
of  rotor  limits  which  are  a function  of  Cx/o  (based  on  rotor 
propulsive  thrust)  as  well  as  y (see  the  sketch  below) . 


In  those  instances  where  Cx/o  is  not  a variable,  the  user 
simply  inputs  C^'/a  versus  u at  dummy  values  of  Cx/o  (0  and 
1.0).  If  the  user  wishes  to  operate  the  program  without  using 
rotor  limits,  large  "dummy"  values  of  Ct^'/o  (say  1.0)  are 
input  at  Cx/o  = 0 and  1.0. 

7.4  DISCUSSION  OF  PROPELLER  EFFICIENCY 

The  final  selection  of  a propeller  blade  design  to  best  suit 
a given  compound  helicopter  mission  is  a rather  arduous  task 
because  the  siiboptimi ration  of  many  considerations,  such  as 
propeller  efficiency,  propeller  weight,  power  transmission 
system  weight,  powerplant  performance,  and  others,  is  required 
for  each  mission  segment  followed  by  an  overall  mission  optimi- 
zation. A single  propeller  design  does  not  satisfy  the  re- 
quirement. 

The  basic  problem  faced  in  evolving  a single  propeller  design 
to  satisfy  all  flight  conditions  is  that  of  achieving  the 
optimum  blade  loading  for  each  of  the  flight  conditions.  This 
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is  virtually  impossible  due  to  the  degree  and  manner  in  which 
thrust  required  and  power  available  vary  with  engine  and 
vehicle  speeds.  From  an  aerodyneimic  viewpoint,  this  basic 
problem  manifests  itself  in  terms  of  problems  associated  with 
blade  chord,  twist  and  design  Cl  distributions,  engine- 
propeller  performance  matching,  and  compressibility. 

Propeller  blade  loading  is  a function  of  the  spanwise  distri- 
bution of  blade  twist,  blade  chord,  and  blade  section  design 
lift  coefficient.  These  three  parameters  must  be  employed  so 
as  to  yield  the  optimum  propeller  performance  at  a given 
flight  condition.  This  will  occur  when  each  section  of  the 
blade  is  adjusted  to  operate  at  or  near  its  maximum  lift-drag 
ratio  while  maintaining  an  optimum  spanwise  load  distribution. 
As  the  operating  conditions  vary,  the  degree  to  which  near 
optimum  conditions  can  be  maintained  changes  for  a fixed  blade 
geometry.  Therefore,  some  compromise  must  take  place,  and 
best  efficiency  cannot  be  achieved  at  each  and  every  operating 
condition. 

As  one  can  appreciate,  with  fixed  blade  geometry  the  attain- 
ment of  overall  propeller  optimization  is  somewhat  limited 
with  regard  to  what  can  be  aerodynamical ly  achieved  with  twist, 
solidity,  and  design  lift  coefficient.  Furthermore,  changing 
these  variables  results  in  variations  in  blade  centrifugal 
twisting  moment,  hub  centrifugal  loads,  blade  pitch  control 
loads,  and  numerous  other  items  which  result  in  either  opera- 
tional envelope  limitations  or  weight  constraints.  Variable 
blade  geometry  can  result  in  aerodyneunic  improvements,  but 
these  may  well  be  offset  by  increased  weight  and  cost.  Vari- 
able geometry  propeller  blade  development  and  application, 
furthermore,  have  been  quite  limited. 

The  ability  to  alter  propeller  speed  in  cruise  will  help  the 
designer  cope  with  blade  loading  problems  and  result  in  better 
mission  efficiency.  This  can  be  done  whether  by  using  a mul- 
tiple speed  power  transmission  system  between  the  engine  and 
propeller  or  by  exercising  the  variable  output  shaft  speed 
capability  of  free  turbine  powerplants.  The  former  method  is 
generally  not  used  due  to  weight  penalties,  while  the  latter 
method  is  extensively  employed.  Engine-propeller  matching, 
though,  is  not  as  simple  as  it  may  sound.  Engine  power  does 
fall  off  at  nonoptimum  turbine  speed,  and  transmission  torque 
requirements  and  weight  increase  with  reduced  turbine  speed. 

The  combination  of  vehicle  speed,  propeller  speed,  diameter 
and  altitude  produce  a constraint  in  the  form  of  Mach  nimber. 
Exceeding  a helical  tip  Mach  number  of  about  0.95  appears  to 
significantly  reduce  propeller  efficiency. 


7-12 


Current  state  of  the  art  regarding  propeller  aerodynamics 
appears  to  permit  very  accurate  appraisal  of  a qiven  propeller 
design  performance  over  most  of  the  flight  envelope.  Per- 
formance prediction  capability  is  generally  inadequate  in  the 
following  areas:  1)  static  thrust,  2)  at  moderate  to  high 
propeller  shaft  angles  of  attack  (say  30  to  90  degrees) , and 
3)  under  the  "mixed"  flow  conditions  where  the  blade  sections 
are  in  neither  wholly  subsonic  nor  wholly  supersonic  flows. 

For  purposes  of  preliminary  design,  however,  the  short  methods 
for  predicting  propeller  perfomnance  available  from  propeller 
manufacturers  (e.g.,  Curtiss-Wright  and  H2unilton  Standard) 
generally  produce  acceptable  results,  and  should  certainly 
be  given  consideration. 

Whenever  possible,  the  aircraft  designer  should  consult  the 
propeller  manufactures'  and  his  own  propeller  staffs  early  in 
the  preliminary  design  phase.  Lacking  this,  he  should  freely 
exercise  the  methodology  published  by  propeller  manufacturers. 
These  methods  require  only  several  minutes  to  manually  com- 
pute a propeller  performance  point  and  are  well  worth  the 
effort.  Too  many  preliminary  aircraft  designs  have  proceeded 
too  far  assuming  propeller  efficiencies  in  excess  of  the  ideal 
induced  (i.e.,  zero  drag)  value. 


The  tolerances  tabulated  in  Table  7-1  represent  the  accuracy 
required  of  iterated  values  calculated  at  certain  points  in 
the  progreun.  Whenever  the  values  of  the  quantities  named  in 
Tedjle  7-1  become  less  than  the  value  quoted,  the  iterating 
calculation  is  terminated. 


TABLE  7-1.  PROGRAM  TOLERANCES 


SYMBOL 

VALUE 

VARIABLE  BEING 
CALCULATED 

SITUATION 

IN  PROGRAM 

FUNCTION  OF  TOLERANCE 

TOL 

0.01 

Wg»  Gross  Weight 

Main  Control 
Loop 

When  the  quantity 
|l-(Wf)A/(Wf)R|<  TOL,  the 
fuel  required  and  available 
are  considered  to  be  suf- 
ficiently close  and  the 
sizing  calculation  is 
terminated. 

Ay 

0.1® 

Y,  Flight  Path 
Angle 

Climb  & De- 
scent Sub 
routines 

Determines  flight  path 
angle  to  within  0.1® 

ABHP 

BHP- 

A 

0.01 

BHP.-BHP„ 

A R 

Cruise 

The  cruise  speed  is  set 
when  BHPj^  is  within 

0.01  BHPa 

BHP. 

A 

AB 

0.01 

®1  ■ ®2 

B2 

CRSIND  = 1 

Bi  - B2  is  used  to  adjust 

— = AV  to  expedite 

“2 

computation.  If  B2  - B2 

B2 

becomes  less  than  AB, 

BHPj^  always  exceeds  BHP;^ 

A (X^/iB 

0.01 

(Xm/^’B)  ~ (Xm/ ^b)  C 

Main  control 
loop 

The  main  rotor  position 
is  determined  when 

Wm/^B  within  0.01 

(Xm/JIb)c 

(Xm/^b^  C 

(Xjj/ J-b)  c 

ADtr 

f^TRi 

0.01 

Dtr  - Dtrj 

DtRi 

Size  trends 
subroutine 

The  tail  rotor  diameter 
is  determined  when  D<pj, 
is  within  0.01  D^r^. 

AotRj^ 

otr 

0.01 

CTRj^-aTR 

Otr 

Main  control 
loop 

The  tail  rotor  solidity 
is  determined  when  aipR, 
is  within  0.01  CTtr. 

^OL 


If  the  range  at  the  end  of 
descent  is  within  Rtql 
of  Rijiax  the  calculation 
terminates. 


5 nm  R,  Range 


Descent  Sub 
routine 


7.6  SAMPLE  CASES 


TO  illustrate  the  use  of  the  program,  three  sample  cases  have  i] 

been  run  and  the  output  included  here.  | 

1 

The  first  case  is  for  a single-rotor  compound  helicopter  with 
auxiliary  independent  cruise  propulsion  (T/Shaft  - Propeller) . 

This  case  illustrates  main  rotor  (diameter  and  solidity) 
sizing,  wing  sizing  for  maneuver  conditions,  auxiliary  inde- 
pendent engine  sizing,  tail  rotor  solidity  sizing  to  meet 
hovering  turn  requirements,  vertical  tail  area  sizing  based 
on  tail  rotor  loss  (in  cruise)  criteria,  and  the  use  of  a 
drag  trend.  The  primary  engines  and  drive  system  are  sized 
to  meet  specified  takeoff  and  cruise  requirements. 

The  second  case  is  for  a tandem  rotor  winged  helicopter.  It  !i 

illustrates  the  use  of  the  component  drag  buildup  option,  fuse-  j 

lage  sizing  based  on  specified  rotor  overlap  and  cabin  dimen-  | 

sions,  aft  rotor  pylon  sizing  based  on  an  input  gap/stagger 
ratio,  wing  sizing  for  maneuver  conditions,  and  m.ain  rotor  (diam- 
etex  and  solidity)  sizing.  The  primary  engines  and  drive  systems 
are  sized  to  meet  specified  takeoff  and  cruise  requirements.  ; 


The  third  sample  case  is  for  a helicopter  which  has  two 
contra-rotating,  coaxial,  three-bladed  rigid  rotors.  Lift 
offset  is  employed  on  each  rotor  disc  to  increase  lift  and 
maintain  roll  trim.  The  need  for  a conventional  tail  anti- 
torque rotor  is  eliminated  by  the  coaxial  arrangement.  Two 
auxiliary  fuselage  mounted  fams  driven  from  the  primary  engines 
are  used  to  provide  propulsive  force  at  high  speeds.  This  case 
illustrates  the  use  of  the  rotor  L/De  (Type  II)  rotor  map  in- 
put (R0TIND=4)  emd  the  sizing  of  a helicopter  without  a tail 
cinti-torque  rotor  (TRDIND^O)  . Rotor  solidity  amd  disc  loading 
are  specified  to  size  the  rotor.  The  engines  are  sized  to 
meet  either  the  takeoff  or  cruise  speed  requirements,  which- 
ever are  critical.  The  main  rotor  transmissions  were  sized 
for  full  installed  torque  and  the  auxiliary  treuismission  used 
to  drive  the  auxiliary  fuselage  mounted  fans  were  sized  for  a 
high  speed  cruise  torque  requirement. 

7.6.1  Single  Rotor  Compound  Helicopter  (Auxiliary  independent 
Engines) 

) 

The  design  mission  profile  is  illustrated  in  Figure  7-5.  The 
more  interesting  and  unusual  inputs  are  discussed  for  this 
case  while  the  more  routine  informatioh  is  only  listed.  A 
complete  copy  of  the  program  printout  follows  the  description 
of  the  input. 
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CRUISE  AT  SPEED 
FOR  99%  BEST  RANGE 


Figure  7-5.  Design  MSN  - Scunple  Case  Number  1 


SAMPLE  CASE  NO.  1 


GENERAL 

INFORMATION 

SHEET 

VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

OPTIND 

0001 

1.0 

Sizing  run 

OPTIONAL 

PRINT 

0002 

1.0 

Detailed  printout  de- 
sired 

DRGIND 

0003 

2.0 

GW/Fe  Drag  trend  uti- 
lized 

OSWIND 

0004 

0 

User  inputs  Oswald 
efficiency  factor 

CNFIND 

0005 

1.0 

Single-rotor  helicopter 

AUXIND 

0006 

4.0 

Compound  helicopter 

RDMIND 

0007 

4.0 

Main  rotor  diameter 
sized  based  on  input 
disc  loading;  solidity 
sized  based  on  input 

C^/ 0 

FIXIND 

0008 

1.0 

Program  sizes  primary 
engines 

ROTIND 

0009 

1.0 

Short  form  rotor  per- 
formance method  used 

SvfIND 

0010 

3.0 

Wing  area  sized  by  ma- 
neuver conditions 

bj^IND 

0011 

1.0 

Wing  span  sized  based  on 
input  wing  span/rotor 
diameter  ratio 

AIPIND 

0012 

2.0 

independent  auxiliary 
engines 

ENGIND 

0013 

0 

Turboshaft  auxiliary  in- 
dependent engines 

FIXINDI 

0014 

1.0 

Program  sizes  auxiliary 

independent  engines 


;-ii  wi...nnii,..|jy^jii  Jn.iiJiuiJ  pi 


VARIABLE  LOCATION  VALUE  ASSIGNED 


REMARKS 


TRDIND 

0015 

1.0 

Tail  rotor  diameter 

sized  based 

on  tail 

rotor/main  rotor  diam- 

eter  trend 

TRSIND 

0016 

2.0 

Tail  rotor  solidity 

sized  based 

on  input 

Cip/ o 

VTFIND 

0017 

2.0 

Vertical  Fin  area  sized 
to  meet  configuration 

anti-torque 

require- 

ments  upon  loss  of  tail 

rotor 

HTIND 

0018 

2.0 

Horizontal  tail  volume 

coefficient 

input 

MRPIND 

0019 

0 

Main  rotor  position  (on 
fuselage)  input  by  user 

ESCIND 

0022 

2.0 

Primary  engines  sized 
for  either  takeoff  or 

cruise 

WGo 

0023 

25000 

First  guess 

at  design 

gross  weight 

ho 

0024 

0 

Start  alti-*^ 
tude 

Normally 
. 0 except 

for 

Ro 

0025 

0 

Starting 

range 

partial 

mission 

ho 

0026 

0 

Starting 
time  , 

analysis 

hopTlND 

0027 

0 

Cruise  at  specified 

altitudes 

Mmo 

0028 

0.33 

Maximum  operating  Mach 

number 

Vmo 

0029 

220 

Maximum  operating  EAS 

knots 

V 

DIVE 

0030 

220 

Design  dive 
knots  EAS 

speed. 
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VARIABLE  LOCATION  VALUE  ASSIGNED 


Mlf 

0031 

3.5 

Kl 

0032 

1.0 

6Wf 

0033 

0 

Kpp 

0034 

1.05 

SGTIND 

0035 

1.0 

0036 

2.0 

0037 

4.0 

0038 

3.0 

0039 

4.0 

0040 

9.0 

0041 

2.0 

0042 

8.0 

0043 

6.0 

0044 

3.0 

0045 

4.0 

0046 

60.0 

0047 

100.0 

REMARKS 

Maneuver  load  factor 

Factor  on  mission  fuel 
burned  to  give  reserve 
fuel,  i.e.,  1.1  would 
give  10  percent  re- 
serves 

Fixed  fuel  increment  for 
reserves  or  other  use 

Increase  basic  engine 
SFC  by  5 percent 

Taxi 

Takeoff 

Cruise 

Climb 

Cruise 


Transfer 

altitude 

Takeoff 


Sequence 

of 

Design 


Change  pay-  Mission 
load 

Loiter 

Climb 

Cruise 

Loiter  (re- 
serve fuel) 

End  of  case , 
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HELICOPTER  DIMENSIONAL  INFORMATION  SHEET 


VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

bw/D 

0103 

0.5 

Wing  span/main  rotor 
diameter  ratio 

(t/c)R 

0105 

0.20 

Wing  root  thickness/ 
chord  ratio 

(t/c)^ 

0106 

0.12 

Wing  tip  thickness/ 
chord  ratio 

Ac/4 

0107 

0 

Quarter-chord  mean 
sweep  angle,  degrees 

X 

0108 

0.5 

Wing  taper  ratio  (tip 
chord/root  chord) 

Cp/c 

0109 

1.0 

Ratio  of  download  al- 
leviating flap  chord  to 
wing  chord  (1.0  signi- 
fies a fully  tilting 
wing) 

h/hp 

0110 

0.20 

Ratio  of  vertical  wing 
position  on  fuselage  as 
a fraction  of  fuselage 
height 

CLd 

0111 

0.8 

Wing  design  lift  coef- 
ficient 

ARht 

0112 

4.0 

Horizontal  tail  aspect 
ratio 

{,  ' 

th 

0113 

1.15 

Ratio  of  horizontal  tail 
moment  arm  to  main  rotor 
radius 

( t/  C ) 

0114 

0.12 

Horizontal  tail  thick- 
ness/chord ratio 

l> 

0115 

0.0162 

Horizontal  tail  volume 
coefficient 

^H 

0116 

0.5 

Horizontal  tail  taper 
ratio 

AS^et/Sp 

0120 

0 

Fuselage  wetted  area 
ratio 

1 
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VARIABLE  LOCATION  VALUE  ASSIGNED 


REMARKS 


AS  ^ 
wet 

0121 

0 

Incremental  fuselage 
wetted  area 

hp 

0122 

7.0 

Fuselage  height 

Wp 

0123 

6.5 

Fuselage  width 

(Jl/d)p 

0124 

1.3 

Fineness  ratio  of  nose 

0125 

1.0 

Fineness  ratio  of  tail 

£ 

c 

0126 

12. 

Constant  diameter  sec- 
tion length 

^RW 

0127 

0 

Length  of  ramp  well 

3^Ab 

0128 

0.55 

Main  rotor  position  aft 
of  the  nose  as  a frac- 
tion of  main  fuselage 
length 

^TB'^^B 

0129 

5.0 

Fineness  ratio  of  tail 
boom 

‘^TTB^^B 

0130 

0.3 

Ratio  of  average  tail 
boom  tip  diameter  to 
average  tail  boom 
diameter 

STING 

0131 

1.1 

Tail  boom  extends  aft  of 
the  tail  rotor  disc  by 

10  percent  of  the  tail 
rotor  radius 

XvT 

0136 

0.45 

Vertical  tail  taper 
ratio 

( t/  C ) 

0137 

0.15 

Vertical  tail  thick- 
ness/chord ratio 

^VT 

0138 

0.80 

Vertical  tail  fin/tail 
rotor  overlap  ratio 

Kz 

0139 

0.85 

Vertical  position  of  the 
tail  rotor  center  (rela- 
tive to  the  vertical 
fin  root  chord)  as  a 
fraction  of  tail  rotor 
radius 

i 


VARIABLE  LOCATION  VALUE  ASSIGNED 


REMARKS 


^LdeS 

0140 

0.5 

VdES 

0141 

180 

Zl 

0142 

0.035 

Z2 

0143 

2.0 

Z3 

0144 

0.078 

Z4 

0146 

0.035 

Z5 

0147 

to 

• 

o 

ze 

0148 

0.078 

0152 

0.40 

Vertical  tail  fin  de- 
sign lift  coefficient 

Vertical  tail  fin  sized 
to  provide  aircraft 
directional  stability 
at  180  kts  in  event  of 
tail  rotor  loss 


Primary  engine 
nacelle  constants 


Auxiliary  inde- 
pendent engine 
nacelle  constants 


Forward  rotor  pylon 
root  thickness/chord 
ratio 


{t/c)Tp 

0153 

0.20 

Forward  rotor  pylon  tip 
thickness/chord  ratio 

ARpp 

1 

0154 

0.5 

Forward  rotor  pylon 
aspect  ratio 

i ^FP 

0155 

0.4 

Forward  rotor  pylon 
taper  ratio 

■'pi 

0156 

3.0 

Forward  rotor  pylon 
height 

MAIN  ROTOR  DIMENSIONAL  DATA  SHEET 


ROTOR  CYCLE 
NO. 

0171 

3 

Rotor  blade  section 
aerodynamic  charac- 
teristics selection 

Nr 

0172 

1.0 

Number  of  rotors 

W/A 

0173 

11.0 

Disc  loading 

^IR 

0176 

4.0 

Number  of  blades/main 
rotor 

I 


h 
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VARIABLE  LOCATION  VALUE  ASSIGNED 


0ip 

^MR 

0177 

-9.0 

^MR 

0178 

0.25 

%R 

0179 

0.075 

(t/c) ,25R 

0180 

0.10 

Vtip 

0181 

725 

(c^/a) 

0182 

0.12 

tAi 

0183 

1.06 

Vrt 

0184 

165 

hc(c) 

0185 

3000 

‘■'iNc 

0186 

43.2 

(Ct/‘^)cR 

0187 

0.110 

^REQM'T 

0188 

1.75 

g (ROTOR) 

0189 

1.35 

N (ROTOR 
LOADING) 

0190 

1.00 

^CEHl 

0191 

1.53  1 

VCEH2 

0192 

0 / 

^PCLIMB 

0193 

0.85 

REMARKS 

Main  rotor  twist  (deg) 

Main  rotor  blade  cutout 
as  a fraction  of  radius 

Main  rotor  blade  attach- 
ment point  as  a fraction 
of  radius 

Rotor  blade  thickness/ 
chord  at  25  percent 
radius 

Main  rotor  tip  speed 

Rotor  "lift  coefficient" 
for  hover  sizing 
solidity 

Rotor  design  thrust/ 
weight  ratio 


Cruise  flight  con- 
ditions for  sizing 
rotor  solidity 


Rotor  "lift  coefficient" 
for  sizing  rotor  solid- 
ity in  cruise  flight 

Total  g requirement, 
helicopter  must  satisfy 

Maneuver  g's  carried  by 
main  rotor 

Rotor  lift/GW  for  Ig 
cruise  flight  rotor 
solidity  sizing 

Main  rotor  vertical 
rate-of-climb  effi- 
ciency factors 

Helicopter  forward 
flight  climb  efficiency 


TAIL  ROTOR  DIMENSIONAL  DATA  SHEET 


VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

^TR 

0203 

5.0 

NO.  of  blades/tail  rotor 

®Ttr 

0204 

-4.0 

Tail  rotor  twist  (deg) 

cTR 

0205 

0.3 

Tail  rotor  blade  cutout 
as  a fraction  of  radius 

XipR 

0206 

0.075 

Tail  rotor  blade  attach- 
ment point  as  a fraction 
of  radius 

Vttr 

0207 

690 

Tail  rotor  tip  speed 

(C^/a ) jjgg 

(H)  0208 

0.17 

Tail  rotor  limiting 
design  rotor  "lift 
coefficient" 

4- 

• 

0209 

0.30 

Helicopter  yaw  accel- 
eration, rad/sec2 

'P 

0210 

0.75 

Helicopter  yaw  rate, 
rad/sec 

CTg/CTnet 

0211 

1.00 

Vertical  tail  fin/tail 
rotor  sideload  ratio 
(when  input  as  1.00, 
program  calculates  a 
value  of  CTc/CTNet 
on  tail  fin/rotor 
geometry) 

c 

0212 

0.72 

Tail  rotor  induced 
velocity  ratio  for  a 
pusher  type  tail  rotor 
(see  fig.  4-21,  sect. 
4.8) 

Kzzz 

0213 

1.00 

Single  rotor  helicopter 
yaw  moment  of  inertia 
trend  adjustment  factor 
(nominally  = 1.00) 

^mr/tr 

0214 

1.0 

Gap  between  main  and 
tail  rotor  disc  (ft) 
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VARIABLE  LOCATION 

VALUE  ASSIGNED 

REMARKS 

KtrS 

0215 

1.05 

Tail  rotor  solidity  in- 
creased 5 percent  over 
that  dictated  by  hover- 
ing turn  requirements 

^^FIN 

0216 

0 

Vertical  tail  fin  op- 
erating cruise  lift 
coefficient 

PRIMARY  ENGINE  SIZING 

INFORMATION  SHEET 

VARIABLE  LOCATION 

VALUE  ASSIGNED 

REMARKS 

PRIMARY 

ENGINE 

CYCLE  NO. 

0217 

1.761 

Primary  engine  selection 

Np 

0219 

2.0 

No.  of  primary  engines 

XMSNIND 

0220 

2.0 

Drive  system  rated  at 
power  required  to  hover 
or  cruise  (more  critical 
of  the  two  conditions 
selected  by  program) 

0221 

1.0 

Main  rotor  drive  system 
is  rated  at  100  percent 
of  main  rotor  design 
power 

Ht 

0223 

0.97 

Transmission  efficiency 

A SHPacC 

0224 

100 

Accessory  power  losses 

SHPtrx/TRP* 

0225 

1.0 

Tail  rotor  drive  system 
is  rated  at  100  percent 
of  tail  rotor  design 
power 

1.0 

Aux  propulsion  drive 
system  is  rated  at  100 
percent  of  aux  propul- 
sion design  power 

0227 

4000 

Design  point  hover  al- 
titude (engine  sizing) 
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VARIABLE  LOCATION  VALUE  ASSIGNED 


REMARKS 


{tA^)d  0228 


(N];i/Niij^)tO  0230 


1.06  Configuration  design 

point  hover  thrust/ 
weight  ratio 

1.105  Main  rotor  operating  at 

100  percent  of  hover 
tip  speed  (725  fps) ; 

i.e. 


H 

H 

'v. 

/Niimax\ 

[ '^IIMAX/ 

Tol  / 

= (1.105) (.905) (725) 
= 725 


%SD 

0231 

0 

No.  of  engines  inopera- 
tive at  hover  design 
point  conditions 

SHPe/SHP* 

0232 

0.95 

Engines  sized  to  permit 
operation  in  hover  (OGE) 
at  95  percent  of  the 
maximum  rated  power 

0235 

3000 

Design  point  (cruise) 
altitude  (engine  sizing) 

Vc 

0236 

170 

Design  point  cruise 
speed  (engine  sizing) 

('^aux/'^tot)  ° 

0239 

0.75 

75  percent  of  propulsive 
thrust  provided  by  aux. 
propulsion  at  cruise 
conditions  for  engine 
sizing 

0240 

0.3 

Wing  operating  lift  co- 
efficient at  cruise 
conditions  for  engine 
s izing 

^^PSD^C 

0241 

0 

NO.  of  primary  engines 
shut  down  during  cruise 
(for  engine  sizing) 
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AUXILIARY  INDEPENDENT  ENGINE  SIZING  INFORMATION  SHEET 


VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

AUX  PROPUL- 
SION ENGINE 
CYCLE  NO. 

0242 

1.761 

’ 

Auxiliary  independent 
engine  selection 

0245 

1.0 

Helicopter  has  one  aux. 
independent  engine 

POWIND 

0246 

2 

Aux.  independent  engine 
sized  to  provide  75  per- 
cent of  configuration 
propulsive  thrust  at 

NRP 

PROPELLER  DATA  REQUIRED  FOR  COMPOUND 
PROPULSION  INFORMATION  SHEET 

HELICOPTER  AUX 

VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

^Tar 

0249 

900 

Propeller  tip  speed 

DIA 

0250 

10 

Propeller  diameter 

^AR 

0251 

0.075 

Propeller  blade  attach- 
ment point  as  fraction 
of  radius 

"^^AUX 

0252 

0.97 

Auxiliary  drive  system 
transmission  efficiency 

ripIND 

0253 

0 

"Point"  propeller  effi- 
ciencies specified  for 
climb  and  cruise 

’^P3 

0254 

0.82 

propeller  efficiency  in 
climb 

AF/Blade 

NO.  of 
Blades 

0257 

0258 

D 

. 

3 -way  propeller,  140 
activity  factorA)lade 

' 

i< 
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HELICOPTER  AERODYNAMICS  INFORMATION  SHEET 


VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

(GW/Fe) 

0312 

1130^ 

1 

Drag  trend  constants  de 
rived  from  data  such  as 
illustrated  by  fig. 

^ED 

0313 

.555  J 

4-26,  section  4-9 

e 

0314 

0.75 

Wing  "span  loading" 
efficiency  factor 

TFEF 

0315 

1.0 

Tail  fin  aspect  ratio 
effectiveness  factor 
(nominally  = 1.0) 

(Re/)l)i 

0328 

1.464 

10^ 

X 

Mean  Reynolds  No. /ft 
based  on  primary  engine 
cruise  sizing  flight 
conditions 

Cl 

a 

0329 

6.28 

Wing  2-D  lift  curve 
slope 

Cl~Cd 

0330 

See  input  values  on  sample 

TABLE 

-0345 

output 

sheets 

I ROTOR  LIMITS  INFORMATION  SHEET 

0347  This  case  has  been  run  using 

I -0377  "dummy"  rotor  limit  values  (as 

I explained  in  Sec.  7.3).  For 

I actual  "dummy"  values  used,  re- 

r~  ' fer  to  the  appropriate  locations 

Ion  the  output  sheets 

HELICOPTER  WEIGHT  INFORMATION 

This  is  fully  explained  in  Sec- 
tion 4.11.  Refer  to  the  output 
sheets  for  the  actual  values 
used. 


0.0333  Taxi  for  2 minutes 

1.0  Auxiliary  engine  fuel 

■ flow  multiplicative 
factor 


2601 

-2673 

TAXI  INFORMATION 

0411 

Kpi  0431 


i 


I 
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TAKEOFF,  HOVER,  AND  LANDING  INFORMATION 


VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

TOLIND 

0461 

1.0 

Specify  required  t/W  for 
hover  out-of-ground  ef 

0462 

1.0  j 

effect 

tH 

0551 

0.1 

Hover  for  6 minutes 

0552 

0.2 

Hover  for  12  minutes 

CLIMB  INFORMATION 


CLMIND  0571 

0572 

■^AUx/^xOT 

Clwing 

NpsD„  0681 

‘^^“CL  0682 

NpSDicL 

0702 

CRUISE  INFORMATION 


^PSDicL 


CRSIND 

^aux/'^tot 

^^wing 

■'Woe 


0721 

0722 

0723 

0841 

0842 

0843 

0751 

0752 

0753 

0791 

0792 

0793 


0 ] 
0.31 

0.4; 

l.o7 

1.0  J 

i.oT 

1.0  J 


climb  at  maximum  rate 
of  climb,  limited  by 
NRP  available 

All  propulsive  thrust 
provided  by  main  rotor 

Wing  operating  Cj^  in 
climb 

One  primary  engine  shut 
down  during  climb 

Auxiliary  independent 
engine  shut  down  during 
climb 


Cruise  at  specified  TAS 

Cruise  at  99  percent 
best  range  speed 

Propeller/main  rotor 
propulsive  thrust  split 
during  cruise  segments 

Wing  operating  cl  in 
cruise 


values  of  range  at  end 
of  each  cruise 
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LOITER  INFORMATION 


VARIABLE 

LOCATION  VALUE  ASSIGNED 

REMARKS 

'^aux/'^tot 

1111 

0.35  1 

Propeller/main  rotor 
propulsive  thrust  split 

1112 

0.35  ) 

in  loiter 

1041 

0.4  ■) 

Wing  operating  Cl  in 

1042 

0.4  j 

loiter 

^L 

1081 

0.5 

Loiter  for  30  minutes 

1082 

0.25 

Loiter  for  15  minutes 
for  reserve  fuel  pur- 
poses 

TRANSFER  ALTITUDE  SHEET 

AWpL 

1161 

-1000 

Unload  1000  pounds  of 
payload  after  12  min- 
utes of  hovering 

PRIMARY  ENGINE  CYCLE  DATA;  NON-STANDARD  PERFORMANCE 

N2IND 

1204 

2.0 

A non-optimum  Nji  vari- 
ation will  be  used 

^iimax'^^ii 

1223 

0.905 

Maximum  power  turbine 
speed  is  90.5  percent 
of  rated  value  (static, 
max  power,  sea  level 
standard) 

AUX.  INDEPENDENT  ENGINE 

CYCLE  DATA; 

NON-STANDARD  PERFORMANCE 

N2INDI 

2204 

2.0 

A non-optimum  Njj  vari- 
ations will  be  used 

niimax/^ii 

2223 

0.905 

Maximum  power  turbine 
speed  is  90.5  percent 
of  rated  value  (static 
max  power,  sea  level 
standard) 

The  sample 

case  output 

follows : 
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UJ 
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Ui 
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0 0 
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0 

0 

0 

a 0 0 

0 000 

0 0 

0 0 

0 0 

lA 

0 

0 

00  0 

(M  000 

0 0 

0 . 0 

0 0 

0 

M 

0 

00  0 

0 0 0 lA 

0 0 
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«A  0 

• 

lA 

> • • us 

W4  • (A  CD 
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-4 

• 

• 

m 

A* 

000 

1 

0 

1 
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0 

000. 

UJ  Ui 

0 0 

0 

1 
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0 

J 
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000 

000 

0 
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0 

0 

0 
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0 

0 
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0 

000 

0 0 

0 

0 

- (Si 

0 0 (A 

m 

• 

0 

000 

000 

0 

0000 

(A  0 0 

00  CO 

0 

US 

• 
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MISSION  FUEL  REQUIRED  « 3406.41 
RESERVE  FUEL  REQUIRED  = 2QZ.7T 
TOTAL  FUEL  REQUIRED  = 3609.18 


7.6.2  Tandem  Rotor  Winged  Helicopter 


The  design  mission  profile  is  illustrated  in  Figure  7-6.  The 
more  interesting  and  unusual  inputs  are  discussed  for  this 
case,  while  the  more  routine  information  is  only  listed.  A 
complete  copy  of  the  program  printout  follows  the  description 
of  the  input. 


TAKEOFF  i T/Hsl.QS 
(6  MIN) 


CRUISE  AT  transfer 

NRP  POWER  ALTITUDE  TO  1000  FT 

/ / CRUISE  AT  SPEED  FOR  99% 

^ BEST  RANGE 


TAXI  OUT 
(2  MIN) 


CLIMB  e MAX 
R/C  TO 
5000  FT,  ALT 


SUFFICIENT  T 
RESERVE  Tl 

FUEL  TO  A 

LOITER  FOR 
ONE  HALF  HOUR 


CLIMB  AT 
OmSTANT 
TAS  (120  KN) 
TO  3000  FT 
ALTITUDE 


TRANSFER  ALTITUDE 
/TO  SL 


.HOVER  0 T/W  = 1.08 
($  MIN) 


'180  NAUTICAL  MILES' 


Figure  7-6.  Design  MSN  - Sample  Case  Number  2 
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GENERAL 

INFORMATION  SHEET 

VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

OPTIND 

0001 

1.0 

Sizing  run 

OPTIONAL 

PRINT 

0002 

1.0 

Detailed  printout  de- 
sired 

DRGIND 

0003 

1.0 

Component  drag  build-up 
desired 

OSWIND 

0004 

0 

User  inputs  Oswald  ef- 
ficiency factor 

CNFIND 

0005 

2.0 

Tandem  rotor  helicopter 

AUXIND 

0006 

to 

• 

o 

Winged  helicopter 

RDMIND 

0007 

4.0 

Main  rotor  diameter 
sized  based  on  input 
disc  loading;  solidity 
sized  based  on  input 

Cip/  0 

FIXIND 

0008 

1.0 

Program  sizes  primary 
engines 

ROTIND 

0009 

1.0 

Short  form  rotor  per- 
formance method  used 

S^IND 

0010 

3.0 

Wing  area  sized  by  ma- 
neuver conditions 

byjIND 

0011 

2.0 

Wing  span  sized  by  in- 
put aspect  ratio 

AIPIND 

0012 

1.0 

NO  independent  aux. 
engines 

FIMIND 

0020 

2.0 

Tandem  rotor  fuselage 
sized  by  input  of 
and  ((0/l)/D) 

APHIND 

0021 

2.0 

Aft  rotor  pylon  geom- 
etry calculated  based 
on  input  rotor  gap/ 
stagger  ratio 

1 


I 

'/ 

f. 

/ I 

r 
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1 ri_ji 


) 


VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

ESCIMD 

0022 

2.0 

Primary  engines  sized 
for  either  takeoff  or 
cruise 

WGq 

0023 

30000 

First  guess  at  design 
gross  weight 

0024 

0 

Start  “] 

altitude  | 

Normally 
^ 0 except 

Ho 

0025 

0 

Starting 

range 

for 

partial 

mission 

to 

0026 

0 

Starting 
time  x' 

analysis 

0027 

0 

Cruise  at 
altitudes 

specified 

Mmo 

0028 

0.32 

Maximum  operating  Mach 
number 

^MO 

0029 

200 

Maximum  operating  EAS 
knots 

Vdive 

0030 

200 

Design  dive  speed, 
knots  EAS 

Mlf 

0031 

3.0 

Maneuver  load  factor 

Kl 

0032 

1.0 

Factor  on  mission  fuel 
burned  to  give  reserve 
fuel;  i.e.,  1.1  would 
give  10  percent  reserves 

•Swf 

0033 

0.0 

Fixed  fuel  increment  for 
reserves  or  other  use 

KpF 

0034 

1.05 

Increase  basic  engine 

SFC  by  5 percent 
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VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

SGTIND  . 

0035 

1.0 

Taxi 

0036 

2.0 

Takeoff 

0037 

3.0 

Climb 

0038 

4.0 

Cruise 

0039 

9.0 

Transfer 

altitude 

0040 

60.0 

Loiter  (re- 

1  Sequence 

serve  fuel) 

0041 

3.0 

Climb 

Design 

0042 

4.0 

Cruise 

Mission 

0043 

9.0 

Transfer 

altitude 

0044 

2.0 

Hover  and 
land 

1 

0045 

100 

End  of  case 

HELICOPTER 

DIMENSIONAL 

INFORMATION  SHEET 

AR 

0104 

6.0 

Wing  aspect  ratio  (in- 
put because  by^IND  = 2.0) 

0105 

0.20 

Wing  root  thickness/ 

chord  ratio 

(t/c),p 

0106 

0.12 

Wing  tip  thickness/ 

chord  ratio 

Ac/4 

0107 

0 

Quarter-chord  mean  sweep 
angle,  degrees 

\ 

0108 

0.5 

Wing  taper  ratio 

Cp/C 

0109 

1.0 

Ratio  of  download  al- 

leviating flap  chord  to 
wing  chord  (1.0  signi- 

fies  a fully 
wing) 

tilting 
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VARIABLE 

LOCATION 

VALUE  ASSIGNED  REMARKS 

b/hp 

0110 

1.0 

Wing  located  at  top  of 
fuselage 

^Ld 

0111 

1.2 

Wing  design  lift  coef- 
ficient 

bp 

0122 

7.0 

Fuselage  height 

^F 

0123 

6.5 

Fuselage  width 

(Vd)p 

0124 

0.70 

Fineness  ratio  of  nose 

(Vd)T 

0125 

1.2 

Fineness  ratio  of  tail 

^c 

0126 

35.0 

Constant  diameter  sec- 
tion length 

^RW 

0127 

5.0 

Length  of  ramp  well 

((0/L)/D) 

0132 

0.22 

Tandem  rotor  overlap/ 
diameter  ratio 

Zl 

0142 

0.035  n 

Z2 

0143 

1 

2.0  I 

^ Primary  engine 

nacelle  constants 

Z3 

0144 

0.078  j 

(t/c)Rp 

0152 

0.45 

Forward  rotor  pylon  root 
thickness/chord  ratio 

(Vc)Tp 

0153 

0.25 

Forward  rotor  pylon  tip 
thickness/chord  ratio 

ARpp 

0154 

0.4 

Forward  rotor  pylon 
aspect  ratio 

pp 

0155 

0.7 

Forward  rotor  pylon 
taper  ratio 

hpi 

0156 

3.0 

Forward  rotor  pylon 
height 

(t/c)R^ 

0157 

0.50 

Aft  rotor  pylon  root 
thickness/chord  ratio 

(t/c)^ 

■^A 

0158 

0.30 

Aft  rotor  pylon  tip 
thickness/chord  ratio 
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VARIABLE 

LOCATION  VALUE  ASSIGNED 

REMARKS  . 

^AP 

0159 

0.7 

Aft  rotor  pylon  aspect 
ratio 

^AP 

0160 

0.75 

Aft  rotor  pylon  taper 
ratio 

g/s 

0162 

0.16 

Tandem  rotor  gap/stagger 
ratio  (input  because 
APHIND  =2.0) 

MAIN  ROTOR 

DIMENSIONAL 

DATA  SHEET 

ROTOR 

CYCLE 

NO. 

0171 

3.0 

Rotor  blade  section 
aerodynamic  charac- 
teristics selection 

% 

0172 

2.0 

No.  of  rotors 

W/A 

0173 

8.0 

Disc  loading 

MR 

0176 

4.0 

No.  of  blades/main 
rotor 

®Tmr 

0177 

-9.0 

Main  rotor  twist  (deg) 

0178 

0.2 

Main  rotor  blade  cutout 
as  a fraction  of  radius 

^R 

0179 

0.075 

Main  rotor  blade  attach- 
ment point  as  a fraction 
of  radius 

(t/c) .25R 

0180 

0.12 

Rotor  blade  thickness/ 
chord  at  25  percent 
radius 

Vtip 

0181 

700 

Main  rotor  tip  speed 

(Cip/ a)  jj 

0182 

0.12 

Rotor  "lift  coefficient" 
for  hover  sizing  rotor 
solidity 

tA? 

0183 

1.08 

Rotor  design  thrust/ 
weight  ratio 
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VARIABLE 


LOCATION  VALUE  ASSIGNED 


REMARKS 


Vj^(c) 

0184 

160 

1 cruise  flight  con- 

hc(c) 

0185 

4000 

} ditions  for  sizing 

I rotor  solidity 

ATiNc 

0186 

0 

J 

(Ct/'^)cR 

0187 

0.095 

Rotor  "lift  coefficient" 
for  sizing  rotor  solid- 
ity in  cruise  flight 

g REQM'T 

0188 

2.0 

Total  g requirement 
helicopter  must  satisfy 

at  Vj^irp(c) 

g (ROTOR) 

0189 

1.5 

Maneuver  g's  carried  by 
main  rotor  at  Vj^,j,(c) 

N (ROTOR 
LOADING) 

0190 

1.0 

Rotor  lift/GW  for  Ig 
cruise  flight  rotor 
solidity  sizing 

VcEHl 

0191 

1.53  ' 

Main  rotor  vertical 
' rate-of-climb 

^CEH2 

0]92 

0.0 

efficiency  factors 

^PCLIMB 

0193 

0.85 

Helicopter  forward 
flight  climb  efficiency 

PRIMARY  ENGINE  SIZING 

PRIMARY 

ENGINE 

INFORMATION  SHEET 

CYCLE  NO. 

0217 

1.761 

Engine  selection 

^'p 

0219 

4.0 

NO.  of  primary  engines 

XMSNIND 

0220 

2.0 

Drive  system  rated  at 
power  required  to  hover 
or  cruise  (more  critical 
of  the  two  conditions 
selected  by  program) 

®*^^MRx/®*^MR 

0221 

1.00 

Main  rotor  drive  system 
is  rated  at  100  percent 
of  main  rotor  design 
power 

Hip 

0223 

0.97 

Transmission  efficiency 
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VARIABLE 


LOCATION  VALUE  ASSIGNED 


REMARKS 


0224 

100 

Accessory  power  losses 

^TO 

0227 

4000 

Design  point  hover  al- 
titude (engine  sizing) 

(T/W)jj 

0228 

1.08 

Configuration  design 
point  hover  thrust/ 
weight  ratio 

(Nii/Niij^)to 

0230 

1.105 

Main  rotor  operating  at 
100  percent  of  hover 

tip  speed  (700  fps) ; 

i.e. 

C^)Jc^h 


= (1.105) (.905) f700) 

iToo 

= 700 


NPSD 

0231 

1.0 

One  engine  inoperative 
at  hover  design  point 
conditions 

SHPg/SHP* 

0232 

0.95 

Engines  sized  to  permit 
operation  in  hover  (OGE) 
with  one  engine  out  and 
the  remaining  engines 
operating  at  95  percent 
meuc  rated  power 

h 

c 

0235 

3000 

Design  point  (cruise) 
altitude  (engine  sizing) 

Vc 

0236 

155 

Design  point  cruise 
speed  (engine  sizing) 

0240 

0.45 

Wing  operating  lift  co- 
efficient at  cruise 
condition  for  engine 
sizing 

(^^PSD^c 

0241 

0.0 

No.  of  primary  engines 
shut  down  during  cruise 

(for  engine  sizing) 
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HELICOPTER  AERODYNAMICS  INFORMATION  SHEET 


VARIABLE  LOCATION  VALUE  ASSIGNED  REMARKS 

0301  use  of  the  component  drag  build- 

-0344  up  option  (DRGIND  =1)  is  ade- 

quately explained  in  Section  4.9. 
For  actual  values  used,  refer  to 
the  appropriate  locations  on 
the  output  sheets . 


ROTOR  LIMITS  INFORMATION  SHEET 

This  case  has  been  run  using 
dummy  rotor  limit  values  (as 
explained  in  Section  7.3).  For 
actual  dummy  values  used,  refer 
to  the  appropriate  locations  on 
the  output  sheets . 

HELICOPTER  WEIGHT  INFORMATION  SHEET 

2601  This  is  fully  explained  in  Sec- 

-2673  tion  4.11.  Refer  to  the  output 

sheets  for  the  actual  values 
used. 


TAXI  INFORMATION 


^T 

0411 

0.0333 

Taxi  for  2 minutes 

TAKEOFF, 

HOVER,  AND 

LANDING  INFORMATION 

TOLIND 

0461 

1.0 

► 

Specify  required  T/W 
for  hover  out  of  ground 

0462 

1.0 

J 

effect 

0551 

i-t 

. 

o 

Hover  for  6 minutes 

0552 

0.1  J 

CLIMB  INFORMATION 

CLMIND 

0571 

1.0 

Climb  at  meucimum  rate 
of  climb 

0572 

4.0 

Climb  at  constant  TAS 

^%ING 

0601 

Wing  operating  Cj^  in 

0602 

0.5  J 

climb 

0347 

-0377 


VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

^SDcl 

0681 

0682 

2.0  •) 

2.0  J 

Shut  down  two  of  the 
primary  engines  in 
climb 

CRUISE  INFORMATION 

CRSIND 

0721 

1.0 

cruise  at  specified 
power  setting 

0722 

4.0 

Cruise  at  99  percent 
best  range  speed 

POWIND 

0781 

2.0 

Cruise  at  NRP  for  first 
cruise  segment 

*^lwing 

0751 

0752 

0.4  ”1 

0.45  ( 

Wing  operating  Cl  in 
cruise 

%AX 

0791 

0792 

80  1 

180  J 

values  of  range  at  end 
of  each  cruise 

LOITER  INFORMATION 

CLw 

1041 

0.4 

Wing  operating  Cl  in 
loiter 

^L 

1081 

0.5 

Loiter  30  minutes  for 
reserve  fuel  purposes 

PRIMARY  ENGINE  CYCLE 

DATA;  NON-STANDARD  PERFORMANCE 

N2IND 

1204 

2.0 

A non-optimum  Nji  vari- 
ation will  be  used 

1223 

0.905 

Maximum  power  turbine 
speed  is  90.5  percent 
of  rated  value  (static, 
max  power,  sea  level 
standard) 

The  sample 

case  output  follows: 
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SAMPLE  CASE  NO.  3 


GENERAL  INFORMATION  SHEET 


VARIABLE 

LOCATION 

VALUE  ASSIGNED 

REMARKS 

OPTIND 

0001 

1.0 

Sizing  run 

OPTIONAL 

PRINT 

0002 

1.0 

Detailed  printout  desired 

DRGIND 

0003 

2.0 

GW/Fe  drag  trend  utilized 

CNFIND 

0005 

1.0 

Single  rotor  nelicopter 
desired 

AUXIND 

0006 

3.0 

Compound  helicopter  with 
auxiliary  propulsion  only 

ROMIND 

0007 

2.0 

Main  rotor  diameter  based 
on  input  disc  loadi' g. 
Solidity  fixed  by  input. 

FIXIND 

0008 

1.0 

Program  sizes  primary 
engines 

ROTIND 

0009 

4.0 

Rotor  figure  of  merit  and 
cruise  L/De  maps  are  input 

AIPINP 

J 

0012 

1.0 

No  independent  auxiliary 
engines.  Auxiliary  fans 
are  driven  through  gear 
boxes  by  primary  engines. 

TRDIND 

0015 

0.0 

No  anti torque  tail  rotor 
on  this  design 

HTIND 

0018 

2.0 

Horizontal  tail  voliime 
coefficient  input 

MRPIND 

0019 

0.0 

Main  rotor  position  on 
fuselage  input  by  user 

ESCIND 

0022 

2.0 

Primary  engines  are  sized 
for  either  takeoff  or 
cruise 

WGo 

0023 

30000 

First  guess  at  design 
gross  weight 

7-82 


i&££Sil 


VARIABLE  LOCATION  VALUE  ASSIGNED 


ho 

0024 

0.0 

Ro 

0025 

0.0 

*^o 

0026 

0.0 

0027 

o 

• 

o 

Mmo 

0028 

.443 

Vmo 

0029 

260 

VdIVE 

0030 

312 

Mlf 

0031 

3.0 

Kl 

0032 

i.ii: 

6Wf 

0033 

0.0 

Kpp 

0034 

1.05 

SGTIND 

0035 

2.0 

0036 

3.0 

0037 

4.0 

0038 

9.0 

0039 

4.0 

0040 

9.0 

0041 

6.0 

0042 

9.0 

REMARKS 

Initial  altitude  Normally 

^ 0.0 

Initial  range  except 

for 

Starting  time  / mission 

analysis 

Cruise  at  specified 
altitude 

Maximum  operating  Mach 
number 

Maximum  operating  equiva- 
lent airspeed  knots 

Dive  speed  - approximately 
equal  to  1.2  x Vj^q  In 
knots 

Maneuver  load  factor 

Factor  on  mission  fuel 
burned  to  give  reserve 
fuel.  1.111  results  in  10% 
of  initial  fuel  for  reserve 

Fixed  fuel  increment  for 
reserves  or  other  use. 

Increase  basic  engine  SFC 
by  5 percent 


Takeoff 

Climb 

Cruise  | 

Transfer  altitude 
Cruise 

Transfer  altitude 
Loiter 

Transfer  altitude 


Sequence 

design 

mission 


7-83 


VARIABLE 

LOCATION  VALUE  ASSIGNED 

REMARKS 

SGTIND 

0043 

2.0 

Hover  '' 

0044 

3.0 

Climb 

Sequence 

0045 

4.0 

Cruise 

of 

0046 

9.0 

Transfer  altitude  | 

r design 

0047 

2.0 

Land 

mission 

0048 

100.0 

End  of  Case  j 

Helicopter  Dimensional 

Information  Sheet 

ARht 

0112 

5.50 

Horizontal  tall  aspect 
ratio 

% ' 

TH 

0113 

.775 

Ratio  of  horizontal  tall 
moment  arm  to  main  rotor 
radius 

(t/c)HT 

0114 

.150 

Horizontal  tall  thickness/ 
chord  ratio 

Vh 

0115 

.020 

Horizontal  tail  volume 
coefficient  referred  to 
main  rotor  diameter  and 
tall  arm. 

0116 

.660 

Horizontal  tail  taper 
ratio 

aswet/Sr 

0120 

0.0 

Fuselage  wetted  area 
ratio 

0121 

0.0 

Incremental  fuselage 
wetted  area 

hp 

0122 

8.17 

Fuselage  height 

Wp 

0123 

8.33 

Fuselage  width 

(Vd)p 

0124 

1.12 

Fineness  ratio  of 

nose 

WA)i 

0125 

0.688 

Fineness  ratio  of  tall 

0126 

20.3 

Constant  diameter  section 
length 

J - - 


1 

] 

i 
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LOCATION 

VALUE  ASSIGNED 

0127 

0.0 

0128 

.40 

0129 

2.28 

0130 

0.205 

0135 

1.5 

0136 

0.50 

0137 

.15 

0139 

6.7 

0152 

.800 

0153 

.600 

0154 

.210 

0155 

.75 

0156 

3.58 

- 9 M,  ■ 


REMARKS 


Length  of  reunp  well 

Main  rotor  position  aft 
of  the  nose  as  a fraction 
of  main  fuselage  length 

Fineness  ratio  of  tall 
boom 

Ratio  of  average  tail 
boom  tip  dieuneter  to 
average  tall  boom  diameter 

Vertical  tail  aspect 
ratio 

Vertical  tall  taper  ratio 

Thickness/chord  ratio  of 
vertical  tail 

Vertical  position  of  the 
tall  rotor  center  (rela- 
tive to  the  vertical  fin 
root  chord)  as  a fraction 
of  tail  rotor  radius. 

When  TRDIND^O,  (as  in 
this  example) , vertical 
tail  span  is  input  into 
this  location. 

Main  rotor  pylon  root 
thickness/chord  ratio 

Main  rotor  pylon  tip 
thickness/chord  ratio 

Main  rotor  pylon  aspect 
ratio 

Forward  rotor  pylon  taper 
ratio 

Main  rotor  pylon  height. 


1 


7-85 


VARIABLE  LOCATION  VALUE  ASSIGNED 


REMARKS 


Rotor  Dimensional  Data  for  Sizing 


Main  Rotor 


Rotor  Map 
No. 

0170 

123 

Coaxial  rotor  htlicotper 
figure  of  merit  and 
cruise  L/D^  rotor  map 

Nr 

0172 

1.0 

Number  of  rotors 

W/A 

0173 

15,0 

Main  rotor  disc  loading 

<^MR 

0175 

0.111 

Main  rotor  solidity 

^MR 

0176 

6.0 

Number  of  main  rotor 
blades 

®TMR 

0177 

O 

• 

o 

Main  rotor  twist  (degrees) 

^°MR 

0178 

.10 

Main  rotor  blade  cutout 
as  a fraction  of  radius 

^MR 

0179 

.05 

Main  rotor  blade  attach- 
ment point  as  a fraction 
of  radius 

(Vc)  .25R 

0180 

.32 

Rotor  blade  thickness/ 
chord  at  25  percent  radius 

Vt 

0181 

650 

Main  rotor  tip  speed 

VCEHI 

0191 

1.60  "j 

Main  rotor  vertical 
rate  of  climb  efficiency 

VCEH2 

0192 

0 J 

factors 

^PCLIMB 

0193 

.85 

Helicopter  forward 
flight  climb  efficiency 

Rotor  Dimensional  Data 

for  Sizing 

Tail  Rotor 

%R/TR 

0214 

-.5 

Gap  between  main  and 
tail  rotor  disc  (FT) . 

When  TRDIND=0,  represents 
gap  between  main  rotor 
disc  and  end  of  tail  boom 
(FT) . Negative  number 
implies  tail  boom  ends 
under  the  main  rotor  disc. 

Ct 

^FIN 

0216 

0.0 

Vertical  tail  fin  operat- 
ing cruise  lift  coeffi- 

cient 
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VARIABLE  LOCATION  VALUE  ASSIGNED  REMARKS 


Primary  Engine  Sizing  Information  Sheet 


Primary 
Engine  Cycle 
No. 

0217 

2.41 

Primary  engine  selection 

"p 

0219 

2.0 

Number  of  primary  engines 

XMSNIND 

0220 

0.0 

Drive  system  ratings 
specified  as  fraction 
of  primary  engine  In- 
stalled power 

SHPMRx/SHPj^iR 

0221 

1.02 

Main  rotor  drive  system 

Is  rated  at  102%  of  main 
rotor  design  power 

hT 

0223 

0.98 

Transmission  efficiency 

ASHPacc 

0224 

30. 

Accessory  power  losses 

.46 

Auxiliary  propulsion 
drive  system  rating  as 

a fraction  of  auxiliary 
propulsion  system  In- 
stalled power.  When  no 
auxiliary  engines  are 
specified,  this  Input 
specifies  the  auxiliary 
drive  system  Is  rated  to 
46%  of  main  rotor  design 
power 


“to(H) 

0227 

0.0 

Design  point  hover  alti- 
tude for  engine  sizing 

(T/W)jj 

0228 

1.06 

Configuration  design 
point  hover  thrust/weight 
ratio 

^^IN 

0229 

31.0 

Temperature  Increment  In 
degrees  above  standard 

at  altitude  for  engine 
sizing. 


r 


! I 

i i 


VARIABLE  LOCATION  VALUE  ASSIGNED 
(Nii/Nii^)t.O.°230  0.8237 


REMARKS 

Operating  point  for 
engine  power  turbine. 
Operating  tip  speed  is 
computed  from 


To  operate  at  V^  = 625 
ft/sec  requires  that 
Ntt/Ntt  be  the 

reciprical  of 

Nil* 


%SD 

0231 

0.0 

Number  of  engines  in- 
operative at  hover  design 
point  conditions 

SHPg/SHP* 

0232 

1.00 

Engines  sized  to  permit 
operation  at  100%  of  maxi- 
mum rated  power 

^^R/C  ^ D 

0233 

500. 

500  ft/min  vertical  rate 
of  climb  capability  re- 
quired at  hover  design 
point. 

POWIND 

0234 

2.0 

Maximum  engine  rating  for 
cruise  engine  sizing.  For 
this  example,  normal 
rated  power  is  the  maxi- 
mum rating  to  be  used. 

0235 

0.0 

Design  point  cruise  alti- 
tude for  engine  sizing. 

Vc 

0236 

250. 

Design  point  cruise  speed 
for  engine  sizing. 

INq£ 

0237 

0. 

Temperature  increment 
above  standard  for  cruise 
engine  sizing. 
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VARIABLE  LOCATION 
(Ntt/Ntt  ) 0238 


VALUE  ASSIGNED 
.7389 


REMARKS 

Operating  point  for  engine 
power  turbine  at  design 
cruise  conditions . Operat- 
ing tip  speed  Is  computed 
from 


'^OPERATINS 


„ ’ntt  irN-T 
V^  J-J-MAX 

Ntt 

L ^^maxJL 


The  rotor  Is  slowed  to 
583  ft/sec  for  this 

excunple.  (N^t/Ntt  ) Is 

^^MAX 

computed  from  the  above 
equation  e.g. 


^OPERATING 

^t/^i1max 

Ull*  / 


^^AUx/^TOT^ 


0239 


1.00 


0241 


,=.7389 


100%  of  propulsive  thrust 
provided  by  avixlllary 
propulsion  at  cruise  con- 
dition for  engine  sizing. 

No.  of  primary  engines 
shut  down  during  cruise 
(for  engine  sizing) 


Propeller  Data  Required  for  Compound  Helicopter  Auxiliary 
Propulsion  Information  Sheet 


No.  of 
Props . 

0248 

2.0 

Two  auxiliary  propellers/ 
fans  are  used  on  this 
configuration 

^TAR 

0249 

900 

Auxiliary  propeller  tip 
speed 

DIA 

0250 

4.0 

Dlauneter  of  auxiliary 
prop/fan  Is  4 ft. 

*AR 

0251 

.10 

Prop/fan  blade  attachment 
point  as  a fraction  of 
radius 

7-89 

REMARKS 


\a 


VARIABLE  LOCATION  VALUE  ASSIGNED 


: 1 

’ITAUX 

0252 

.96 

Transmission  efficiency 

h 

of  auxiliary  drive  system 

. f 

i 

1 

npIND 

0253 

0.0 

Table  of  prop/fan  effi- 
ciencies are  input 

np3 

0254 

0.85 

Prop/fan  climb  efficiency 

i 

1 

np5 

0255 

0.60 

Prop  fan  descent  effi- 
ciency 

1 

i 

AF/Blade 

0257 

169.0 

Prop/fan  activity  factor 
per  blade.  For  this 
example  a 13  bladed  2200 
total  activity  prop/fan 
was  selected. 

No.  of 
Blades 

0258 

13.0 

Number  of  prop/fan  blades 

No.  of 

0261 

3.0 

Number  of  pairs  in  prop/ 

Pairs  In 

fan  efficiency  table 

np4  Table 

Values  of 
Mach  No. 

0262 

0.0  ' 

Values  of  Mach  Number 

0263 

0.5 

► 

in  cruise  efficiency 

0264 

1.0  / 

table 

Values  of 

0272 

.60  • 

'^P4 

0273 

.75 

Values  of  cruise 
efficiency 

0274 

.60  . 

Helicopter  Aerodynamics 

Information  Sheet 

GW/Fe 

0312 

2020 

1 

Drag  trend  constants 

1 

. derifed  from  data  such 

KpED 

0313 

0.561 

J 

as  illustrated  by 

Figure  4-27,  Section  4.9. 

) 
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VARITIBLE  LOCATION  VALUE  ASSIGNED 


REMARKS 


Rotor  Limits  Information  Sheet 


0347 

-0377 


This  case  has  been  run 
using  "dummy"  rotor  limit 
values  (as  explained  in 
Section  7.3).  For  actual 
"dummy"  values  used,  refer 
to  the  appropriate  loca- 
tion on  the  output  sheets. 


Helicopter  Weight  Information  Sheet 


2601 

-2673 


This  is  fully  explained  in 
Section  4.11.  Refer  to 
the  output  sheets  for  the 
actual  values  used. 


Takeoff,  Hover,  and  Landing  Information 


TOLIND 

0461 

o 

• 

CM 

Specify  power  fraction 
and  vertical  rate  of  climb 

0462 

1.0 

1 Specify  required  T/W 

r for  hover  out  of 

0463 

1.0  - 

i ground  effect. 

ATMIND 

0481 

1.00 

1 Standard  atmosphere 

V plus  an  Incremental 

0482 

1.00 

) temperature 

0483 

0.0 

Standard  atmosphere 

PEHP 

0491 

1.00 

Power  fraction  - 100  per- 
cent of  power  available 
at  these  eunbient  condi- 
tions is  being  used. 

ATjjjCF) 

0501 

31.0  1 

Incremental  temperature 
above  standard. 

0502 

31.0  / 

in  degrees. 

0511 

500. 

500  ft/min  vertical 

0512 

500.  f 

rate  of  climb 

capability 

desired 

0513 

500.  J 

T/W 

0522 

1.06 

"j  Hover  thrust/weight 

> ratio 

0523 

1.06 

J specified 

7-91 


(Nii/Nji  ) 

0541 

.8237 

1 Operating  point  for  engine 

MAX 

(Primary 

0542 

.8237 

power  turbine  during 
' takeoff  hover  or  landing. 

Engine) 

0543 

.8237  / 

/Nxt  \ = Vn, 

tjj(HR) 

0551 

.0333  ■ 

/II  \ ^OPERATING 

V^IImAx] 

650  = .8237 

650(1.214) 

Takeof f , hover , 

0552 

.250 

► or  landing 

0553 

.0333  , 

total  time  in  hours. 

Climb  Information 

Sheet 

CLMIND 

0571 

1.0  'j 

Maximum  rate  of 

0572 

1.0  / 

climb  desired 

ATMIND 

0591 

0.0  'I 

Atmosphere  indicator. 

0592 

0.0  ) 

Standard  atmosphere 
specified . 

Ah (FT) 

0621 

500.  1 

Altitude  increments 

0622 

300.  / 

’ for  climb 

calculations . 

POWIND 

0631 

1.0  I 

Climb  at  maximum  rate 

0632 

1.0  1 

^ of  climb,  limited  by 

military  power  available. 

W<FT) 

0641 

5000.  n 

Final  altitudes 

0642 

3000.  J 

f for 

climb 
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VARIABLE  LOCATION 
(Nji/Nji^^)  0651 


(Primary 

Engine) 


0652 


VALUE  ASSIGNED 
.8237 
.8237 


REMARKS 

Operating  point  for  engine 
turbine  during  climb. 


V 

= ^OPERATING  “*8237 


Vt/Nii  \ 

VNtt*  / 


Afep, (FT*) 

0661 

.500  n 

Incremental 

CL 

0662 

.500  J 

’ drag  area 

in  climb 

%SDcl 

0681 

0.0  "j 

1 Number  of  primary 

0682 

0.0  ) 

engines  shut  down 
during  climb 

■J^AUX/^TOT 

0691 

.300  ^ 

30%  of  required 

0692 

.300  i 

' propulsive  force 

provided  by  auxiliary  fans 

Cruise  Information  Sheet 
CRSIND  0721 


ATMIND 


AR(N.M.) 


POWINO 


0721 

2.0 

0722 

1.0 

0723 

4.0 

0731 

180. 

0741 

0.0 

0742 

0.0 

0743 

0.0 

0771 

15.0 

0772 

15.0 

0773 

15.0 

0781 

2.0 

0782 

2.0 

0783 

2.0 

Cruise  at  constant  true 
airspeed 

Cruise  at  specified  power 
setting 

cruise  at  99%  best  range 
speed 

Cruise  at  180  knots  T.A.S. 
Atmosphere  indicator 
Standard  atmosphere 
specified 

Calculation  increments 
during  cruise  in 
nautical  miles 
Cruise  speed 
by  normal  rated 
primary  engine  power 
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‘Sax'”-'*-' 

0791 

75.0 

0792 

150.0 

0793 

300.0 

0801 

.8237 

(Primary 

0802 

.7389 

Engine) 

0803 

.8237 

AfecR(FT*) 

0811 

1.0 

0812 

0.0 

0813 

1.0 

NpSDcR 

0831 

0.0 

0832 

0.0 

0333 

0.0 

^AUX/^TOT 

0841 

1.0 

0842 

1.0 

0843 

1.0 

Loiter  Information 

Sheet 

ATMIND 

1031 

0.0 

VARIABLE  LOCATION  VALUE  ASSIGNED  REMARKS 

R^J^(N.M.)  0791  75.0  " Values  of  range 

0792  150.0  ’ at  end  of  each 

0793  300.0  / cruise  segment 

{Njj/Njj  ) 0801  .8237  "X  Operating  point  for  engine 

I power  turbine  during 
(Primary  0802  .7389  / cruise. 

Engine)  | 

0803  .8237  I = ''topehATIHG 


AtL  (HR)  1061 


.100 


Increment  in  cruise 
equivalent  flat  plate 
area  (ft^) 

Number  of  primary 
engines  shut  down 
in  cruise 
100%  of  required 
propulsive  force  is 
provided  by  auxiliary 
prop/ fans 


Standard  atmosphere  speci- 
fied 

Time  increments  for 
loiter  calculations 
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VARIABLE 

LOCATION 

VALUE  ASSIGNED  REMARKS  | 

(Primary 

Engines) 

) 1071 

.8237 

Operating  point  for  primary 
engine  power  turbine  during 
loiter. 

Ntt  Vip 

^OPERATING  = .8237 

Njt  ^t/^ii  \ 

^^MAX  M ^-^MAX) 

\ Nji*  / 

tL(HR) 

1081 

.500 

30  minutes  of  loiter 
specified 

^PSD loiter 

1101 

0.0 

Number  of  engines  shut 
down 

^AUx/^TOT 

nil 

.30 

30%  of  required  propulsive 
force  is  provided  by  auxi- 
liary prop/fans. 

AfeL(FT*) 

1131 

.500 

Increment  in  loiter  equiva- 
lent flat  plate  drag  area 
(FT*) 

Transfer  Altitude  Sheet 

1181 

2000. 

1 Transfer  altitude  to 

1182 

1000.  1 

^ these  final  values 

1183 

0.0 

with  no  time,  fuel  or 

1184 

0.0  > 

distance  credits 

Primary  Engine  Cycle  Data;  Non-Standard  Performance 

WDTIND 

1201 

0.0 

No  fuel  flow  cutoffs 

NIIND 

1202 

0.0 

No  Nj  cutoffs 

N10IND 

1203 

1.0 

Referred  Nj  cutoff 

N2IND 

1204 

2.0 

Free  turbine  engine  to 
be  simulated 

QIND 

1205 

1.0 

Torque  cutoff 

RNOIND 

1206 

0.0 

No  Reynolds  No.  corrections 

7-95 
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1301 

■1565 


Rotor  Performance  Map  Information 

3420 

-4130 


The  engine  cycle  informa- 
tion are  discussed  in 
Section  4.4 


Information  pertaining  to 
the  rotor  performance 
maps  are  discussed  in 
Sections  4 . 5 and  7 . 2 


The  sample  case  input  and  output  follow. 
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